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¯ Op¯Evaluanng nons From a
Statewide Perspective

main objective of this California Water Plan update is evaluating, at an

A appraisal level of detail, how California’s water supply reliability needs

,could be met through 2020. This chapter outlines the process used to put

together the conceptual evaluation and evaluates water management options that are

statewide in scope. A brief discussion of methods available to local agencies for financing

water management options is also provided.

The planning process includes developing regional water management evaluations

for each of the State’s ten major hydrologic regions, and integrating those results with

statewide water management options to form a summary for the entire State. Development

of regional water management evaluations is covered in Chapters 7-9.

Statewide water management options include demand reduction measures that

manywater agencies are expected to implement, and large-scale water supply augmentation

measures that would provide supply to multiple beneficiaries in more

Sources of water than one hydrologic region. For example, a large offstream storage
supply must be

reservoir studied under CALFED’s Bay-Delta program is considered a
identified to meet the

needs of California’s statewide option. A small reservoir project being studied by a local agency
growing populatlon.

to provide benefits only to its service area is not a statewide option.
Chapters 6-9 discuss

potential future water    Such local projects are covered in Chapters 7-9. This chapter opens by

management options, presenting a balance between California’s water supplies and its water

use, illustrating the shortages that would occur if no new water

management facilities or programs were developed.

6"-__/ EVALUATING OPTIONS FROM A STATEWIDE PERSPECTIVE[]

C--0941 75
C-094175



The California Water I~lan ~_[t)date BULLETIN 160-98

TABLE 6-1

California Water Budget with Existing Facilities and Programs (maf)

1995 2020

Average Drought Average Drought

Water Use
Urban 8.8 9.0 12.0 12.4
Agricultural 33.8 34.5 31.5 32.3
Environmental 36.9 21.2 37.0 21.3
Total 79.5 64.7 80.5 66.0

Supplies
Surface Water 65.1 43.5 65.0 43.4
Groundwater 12.5 15.8 12.7 16.0
Recycled & Desalted 0.3 0.3 0.4 0.4
Total 77.9 59.6 78.1 59.8

Shortage 1.6 5.1 2.4= 6.2

Statewide Water Budget

The water supply and water use information dis-experienced in 1991 and 1992, drought year short-
cussed in Chapters 3 and 4 and summarized in Tablesages are large. Urban water users faced cutbacks in
3-3, 4-26, and 4-27 is combined into the statewide ap-supply and mandatory rationing, some small rural
plied water budget with existing facilities and programscommunities saw their wells go dry, agricultural lands
shown in Table 6-1. Regional water budgets with exist-were fallowed, and environmental water supplies were
ing facilities and programs are shown in Appendix 6A.reduced. By 2020, without additional facilities and
The shortages shown in Table 6-1 reflect the Bulletin’sprograms, these conditions will worsen, reflecting
assumption that groundwater overdraft is not availableCalifornia’s forecasted population increase. Appen-
as a supply~ dix 6B shows forecasted shortages by hydrologic

The average water year shortages at 1995 andregion, assuming that no new facilities or programs
2020 levels illustrate the need to develop new facili-were implemented.
ties and programs to improve California’s water supply The following section describes the planning pro-
reliability. Californians are facing water shortages now,cess used in Bulletin 160-98 to evaluate actions that
and will face them in the future. As Californianswould reduce the State’s future water shortages.

The Bulletin 160-98 Planning Process

Theprocess used to evaluate ways to meet California’sagement options used information prepared by local
future water needs drew upon, at an appraisal level ofagencies. The regional water management options
detail, techniques of integrated resources planning. IRPevaluations are not intended to replace local planning
evaluates water management options both demandefforts, but to complement them, by showing the rela-
reduction options and supply augmentation options--tionships among regional water supplies and water
against a fixed set of criteria and ranks the options basedneeds and the statewide perspective. Local water man-
on costs and other factors. Although the IRP process in-agement options form the basis of the regional
dudes economic evaluations, it also incorporatessummaries which are combined into the statewide op-
environmental, institutional, and social considerationstions evaluation. Figure 6-1 is an index map showing
which cannot be expressed easily in monetary terms,how the regional summaries are organized in Chap-

The development of likely regional water man-ters 7-9.

¯ EVALUATING OPTIONS FROM A STATEWIDE PERSPECTIVE 6-2

C--0941 76
G-094176



The California Water I)lan [7pdate BULLETIN 160-98

FIGURE 6-1
Index to Regional Chapters
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Initial Screening Criteria
The criteria used for initial screening of water manage-̄  Envlmnmemal--an option was deferred from further evaluation

merit options were: if it had potentially significant unmiligable environmenta! impacts
¯ Engineering--an option was deferred from further evalu- or involved use ofwaterways designated as wild and sceni~

ation if it was heavily dependent on the development of̄  Instltutlonal/Legal--an option was deferred from further
technologies not currently in use, it used inappropriate evaluation if it had potentially unresolvable water rights
technologies given the regional characteristics (desaltingconflicts or conflicts with existing statutes.
in the North Lahontan Region), or it did not provide new ¯ Sodal/ThlrdParty--an option was deferred from further
water (water recycling in the Central Valley). evaluation if it had extraordinary socioeconomic impacts,

¯ Eeonomlc--an option was deferred from further evalua- either in the water source or water use areas.
tion if its cost estimates (including environmental mitiga-¯ Health--an option was deferred ffom further evaluation if
tion costs) were extraordinarily high given the region’s it would violate current health regulations or would pose
characteristics, significant health threats.

Major Steps in Planning Process local water management options was prepared. Where
Major steps involved in the Bulletin 160-98possible, basic characteristics of these options (yields,

water management options evaluation processcosts, significant environmental or institutional con-

included: cerns) were identified.
¯ Identify water demands and existing water sup- After identifying options, they were compared with

plies on a regional basis, the initial screening criteria shown in the sidebar. For
¯ Compile lists of regional and statewide wateroptions deferred from further evaluation, the major

management options, reasons for deferral were given. Options retained for
¯ Use initial evaluation criteria to either retain orfurther evaluation were placed into the following

defer options from further evaluation. For op-categories:

tions retained for further evaluation, group some" Conservation (urban and agricultural)

by categories and evaluate others individually. ¯ Modifications to existing reservoirs/operations
¯ New reservoirs/conveyance facilities¯ Identify characteristics of options or option catego-

ries, including costs, potential demand reduction̄ Groundwater/conjunctive use

or supply augmentation, environmental consider-̄ Water marketing
ations, and significant institutional issues. ¯ Water recycling

¯ Evaluate each regional option or category of op-° Desalting (brackish groundwater and seawater)
tions in light of identified regional characteristics̄ Other local options
using criteria established for this Bulletin. If local̄ Statewide options
agencies have performed their own evaluation, Because each of these categories may contain many
review and compare their evaluation criteria withindividual options, some options within each category
those used for the Bulletin. were further combined into groups based upon their

¯ Evaluate statewide water management options, estimated costs. For example, water recycling projects
¯ Develop tabulation of likely regional water man-costing less than $500/afv~ere grouped into one cat-

agement options, egory. Options were evaluated and scored again.st the
¯ Develop a statewide options evaluation by inte-set of fixed criteria shown in the sidebar.

grating the regional results. The Bulletin 160-98 options evaluation process
The first step in evaluating regional water man-relied heavily upon locally developed information.

agement options was to prepare applied water budgetsMethods used to develop this information vary from
for the study areas to identify the magnitude ofpoten-one local agency to the next, making direct compari-
tial water shortages for average and drought yearsons between cost estimates difficult. To make cost
conditions. In addition to identifying shortages, otherinformation comparable, a common approach for es-
water supply reliability issues in the region were re-timating unit cost was developed (Appendix 6C).
viewed. Once the shortages were identified, a list ofHowever, due to lack of detailed information, not all
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Options Category Evaluation

Evaluation            W~at is Measured?                      How is it measured?                  Score
Criteria

Engineering Engineering feasibility Increase score for greater reliance upon current
technologies

Operational flexibility Increase score for operational flexibility with
existing facilities and/or other opdons

Drought year supply Increase score for greater drought year yield/
reliability

Implementation date Increase score for earlier implementation date
Water quality limitations Increase score for fewer water quality constraints

Engineering Score 0 - 4

Economics Project financial feasibility Increase score for lower overall costs and the
ability to finance

Project unit cost Increase score for lower overall unit cost
(including mitigation costs)

Economics Score 0 - 4

Environmental Environmental risk Increase score for least amount of environmental
risk

Irreversible commitment of resourcesIncrease score for least amount of irreversible
commitment of resources

Collective impacts Increase score for least amount of collective impacts
Proximity to environmentally Increase score for litde or no proximity to
sensitive resources sensitive resources

Environmental Score 0 - 4

Institutional/Legal Permitting requirements Increase score for least amount of permitting
requirements

Adverse institutional/legal effects uponIncrease score for least amount of adverse
water source areas institutional/legal effects
Adverse institutlonal/legal effects uponIncrease score for least amount of adverse
water use areas institutional/legal effects
Stakeholder consensus Increase score for greater amount of stakeholder

consensus
Institutional/Legal Score 0 - 4

Social/Third Party Adverse third party effects upon Increase score for least amount of adverse third
water source areas party effects

Adverse third par~ effects upon Increase score for least amount of adverse third
water use areas party effects
Adverse social and community effects Increase score for least amount of adverse social

and community effects
Social/Third Party Score 0 - 4

Other Benefits Ability to provide benefits in addition Increase score for environmental benefits
to water supply

Increase score for flood control benefits
Increase score for recreation benefits
Increase score for energy benefits
Increase score for additional benefits
Increase score for improved compliance with
health and safety regulations

Other Benefits Score 0 - 4

Total Score 0 - 24
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option costs could be made comparable. Unit cost es-from the DWB) and demand reduction actions (ur-
timates took into account capital costs associated withban rationing and agricultural land fallowing) are
construction and implementation (including anyavailable to water agencies for coping with shortages
needed conveyance facilities), annual operations costs,that exceed planned levels of reliability. Table 6-2 sum-
and option yield, marizes actions taken by some of California’s larger

Water management options can serve purposesurban water suppliers to respond to water shortages in
other than water supply; they can also provide flood1991, the driest year of the recent 1987-92 drought.
control, hydroelectric power generation, environmen-Measures taken by agricultural water agencies and wa-
tal enhancement, water quality enhancement, andter users included increased pumping of groundwater,
recreation. In recognition of the multipurpose ben-land fallowing, and intra- and interdistrict water trans-
efits provided by some water management options, thefers. The WaterLink system established by Westlands
options evaluation scoring process assigned a higherWater District (described in Chapter 8) is an example
value to multipurpose options, as shown in the side-of an action that could be used by agricultural water
bar. However, since the focus of the Bulletin 160 seriessuppliers to facilitate intradistrict water transfers as part
is water supply, cost estimates were based solely on theof managing shortages.
costs associated with water supply. The impacts of allowing planned shortages to oc-

Once options were evaluated andscored, theywerecur in water agency service areas are necessarily
ranked according to their scores. This ranking was usedsite-speciflc and must be evaluated by each agency on
to prepare a tabulation of likely regional water man-an individual basis. In urban areas where conservation
agement options, taking into account options that maymeasures have already been put into place to reduce
be mutually exclusive or could be optimized ifimple-landscape water use, imposing rationing or other re-
mented in conjunction with other options. Dependingstrictions on landscape water use can create significant
on a regions characteristics, its potential options, andimpacts to homeowners, landscaping businesses, and
its ability to pay for new options, the tabulation ofentities that manage large turf areas such as parks and
likely options may not meet all of a region’s water short-golf courses. Drought year cutbacks in the agricultural
ages (especially in drought years), sector create economic impacts not only to individual

This appraisal-level evaluation of options at a state-growers and their employees, but also to local bust-
wide level of detail is based on presently availablenesses that provide goods and services to the growers.
information. The ultimate implementability of any wa-
ter management option is dependent on factors such
as the sponsoring entity’s ability to complete the ap-Using Applied Water Budgets to
propriate environmental documentation, obtain theCalculate New Water Needs
necessary permits, and finance the proposed action. As discussed in Chapter 3, some municipal waste-

water discharges, agricultural return flows, and required
environmental instream flows are reapplied several

Shortage Management times before finally being depleted from the State’s
Water agencies may choose to accept less thanhydrologic system. An applied water budget explicitly

100 percent water supply reliabilit~ especially underaccounts for this unplanned reuse of water. Because
drought conditions, depending on the characteristicsreapplication has the potential to account for a sub-
of their service areas. Shortage contingency measuresstantial portion of a regions water supply, applied
such as restrictions on residential outdoor watering orwater budgets may overstate the supply of water actu-
deficit irrigation for agricultural crops can be used toally needed to meet future water demands. Shortages
meet temporary shortages. Demand hardening is ancalculated from an applied water budget must be in-
important consideration in evaluating shortage con-terpreted with caution to determine new water needs
tingency measures. Implementing water conservationfor a region.
measures such as plumbingretroflts and lowwater use The amount of new water required to meet a
landscaping reduces the ability ofwater users to achieveregion’s future needs depends on several factors,
future drought year water savings through shortageincluding the region’s applied water shortage, oppor-
contingency measures, tunities to reapply water in the region, and the types

Supply augmentation actions (purchasing waterof water management options that are implemented
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TABLE 6-2

1991 Urban Water Shortage Management

Contingency Measures

Reduetlon
Water Agencya Goalb A B C D E F G H

Alameda County WD 18% ~ ~ ~ ~ vt

Contra Costa WD 26% ~" ~ t/ t/ ~’ it’

LA Dept. of Water and Power 15% t/ t/ vt ~ t/ ~ v~
MWD of Southern California 31% ~ vt ~ ~ vt t/
MWD of Orange County 20% vt vt vt ~ t/ t/ t/
Orange County WD 20% � t/ t/ vt
San Diego Co. Water Authority 20% vt vt vt vt vt ~ t/ t/
Civ of S~ Diego 20% ~ ~ ~ ~
S~ Fr~cisco PUC 25% ~ ~ ~ ~ ~ ~
S~ta Clara VMley ~ 25% ~ ~ ~ ~ ~
A = ~tioning G = Broadcmt Public Information
B = M~dato~ Conse~ation H = M~led Public Information
C = Extraor~n~ Vol~t~ Conse~ation I = Water Patrols ~d Citations
D = Increming ~te or Surcharges J = Fines ~d PenMties
E = Economic Incentives K = Water Transfer
F = Device Distribution
a ~enci~ listed include bo~ whol~Me ~d fetal water agenci~ ~d, m a r~t, ~e sho~e confingenw mem~ a~lable to ~em
b The act~ perform~ce of~ ~en~s drought m~agement may have exceeded ~e adopted go~. SeverM of~e ret~l agenci~ ~e

whol~Mem’ bound~ies. Contingen~ memures shown c~ include bo~ retMl ~d wholes~e memur~.

in the region. If no water reapplication opportunities Calculation of regional and statewide new water
exist, then the region’s new water need is equivalent toneeds is more complex than computing regional and
its applied water shortage. In this case, the new waterstatewide applied water shortages--new water needs
need would be independent of the types of wateralso depend on reapplication and implemented water
management options that are implemented. However,management options. An applied water shortage pro-
if opportunities are available to reapply water in a re-rides an upper bound on the new water need. A lower
gion, then the region’s new water need is less than itsbound on the new water need can be estimated for
applied water shortage. In this case, the new water needeach region by assuming that new water supplies are
depends on the types of water management optionsreapplied in the same proportion that existing supplies
that are implemented, are reapplied. Minimum new water needs are com-

Not all water management options are createdputed for each region in Appendix 6D.
equal in their ability to meet new water needs. Be- The tabulations of likely regional water manage-
cause supply augmentation options provide new waterment options in Chapters 7-9 use minimum new water
to a region, the opportunity exists for the options’needs as target values for selecting the appropriate
effectiveness to be multiplied through reapplication,number of regional options. If a region is unable to
For example, a supply augmentation option may pro-meet minimum new water needs as a result of regional
vide 100 tar of new water to a region. But throughcharacteristics, lack of potential options, or inability
reapplication within the region, the option effectivelyto pay for potential options, specifying minimum new
meets applied water demands in excess of 100 tar.water needs rather than applied water shortages as re-
Demand reduction options, on the other hand, do notgional target values has no impact on options selection.
provide new water to a region. Hence, the opportu-On the other hand, ifa region is able to meet its mini-
nity does not exist to multiply the options’ effectivenessmum new water needs, this does not necessarily
through reapplication. To satisfy an applied water short-guarantee that all applied water shortages would be
age of 100 taf, a demand reduction option mustmet. The remaining applied water shortages would
conserve 100 tafofwater, depend on the selected option m~-~the more water
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conservation selected, the greater the remaining ap-budgets. Because data in net water budgets factor out
plied water shortages would be (as water conservationreapplied water, net water shortages are essentially the
options do not provide reapplication opportunities.)same as minimum new water needs. Appendix 6E pro-
This approach is consistent with the treatment of short-rides a compilation of Bulletin 160-98 net water
ages in prior water plan updates, which used net waterbudgets, statewide and by region.

Demand Reduction Options

Demand reduction has taken on a key role in thelows the comparison of water conservation options with
planning and management of water resources. By mak-water supply augmentation options such as water stor-
ing wise use of water through water conservation, theage or recycling facilities.
need for new sources of supply can be minimized. The options presented are for planning purposes
Many agencies have implemented programs to achieveonly and are not mandated targets. They represent an
a high level of water use efficiency, attempt to quantify potential water savings that may

For nearly three decades, Californians have recog-be achieved by implementing measures beyond cur-
nized the importance of water conservation. Since therent BMPs and EWMPs. Local water agencies can
1976-77 drought, attention has focused on plans, pro-evaluate these options against other available options
grams, and measures to encourage efficient use of water,to assess appropriate actions for their service areas.
The water conservation options evaluated in this Bul- Since the purpose of the Department’s Bulletin
letin are limited to actions that would have the effect160 series is to assess water supply benefits, it is that
of creating new water supply through reductions inaspect of water conservation that the Bulletin addresses.
existing consumptive use or water depletions. (TheWater conservation projects may provide additional
potential for depletion reductions exists where appliedbenefits, such as reduction in water treatment costs,
water would be lost to evapotranspiration, or to a sa-reduction in fish entrainment at water supply diver-
line water body, and could not be beneficiallysion structures, or reduction in nonpoint source runoff.
reapplied.) The options evaluated in this BullednwouldThese other benefits are recognized in the Bulletin’s
yield depletion reductions above the 2020-level de-options evaluation process, as described earlier. As dis-
mand reduction of 2.3 maf assumed to result fromcussed in Chapter 3, the Bulletin treats demand
statewide implementation of existing BMPs andreduction actions on an equal footing with water sup-
EWMPs. (Existing BMPs and EWMPs are discussedply actions. Each action must create water that is new
in Chapter 4.) Quantifying depletion reductions al-to the State’s hydrologic region.

Data on Urban Landscaping surveys. Suchratiosvarywidelybycounty (the Department’s,
As plumbing code changes designed to reduce interior ur-for example, vary from percentages in the low teens to almost

ban water use are implemented, a main potential for future40 percent), and are inherently subject to uncertain~ Water
urban water conservation lies in reducing exterior urban wa-agencies are beginning to evaluate ways to quantify existing
ter use--speciflcally landscape water use. Estimating waterirrigated urban acreage--aerial photography or satellite im-
use reductions from landscape irrigation changes is made dif-agery, estimated ratios from parcel maps, surveys, or ques-
flcult by the lack of data on irrigated urban landscaping. Onlytionnaires. Estimates of future irrigated landscape acreage are
a handful of water districts in California have actual data ongenerally made by increasing an assumed base acreage by ra-
the extent of irrigated acreage (residential lots plus large turftios of forecasted population growth--which implicitly as-
areas, such as parks, cemeteries, and golf courses) in theirsumes no major changes in housing density or single to
service areas, and data are nonexistent at a statewide level,multifamily housing ratios.
For planning purposes, California’s irrigated urban acreage These uncertainties illustrate the present difficulty ofquanti-
has historically been estimated at about one million acres at alying landscape conservation savings, and lack of hard data to
1980s/1990s level of development, based on estimated ratiossupport planning estimates. Better estimates of urban landscape
of landscape acreage to total urban acreage from land useacreage would greatly improve future conservation planning.
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TABLE 6-3

Urban Depletion Reduction Potential Due to Water Conservation Options Be fond BMPsa (taO

Opt l Opt2    Opt3 Opt4 Opt5 Opt6 Opt7 Opt8

Region            New New & 60 gped 55 gped 3% 5% 7% 5%
Existing

0.8 ETo Outdoor Indoor Water Use CII Water Use Distribution
Water Use Reduction System Losses

North Coast 1 6 3 6 1 2 6 9
San Francisco Bay 2 52 38 77 11 18 D 13
Central Coast 4 13 8 17 2 3 3 8
South Coast 67 246 110 220 30 49 D 84
Sacramento River D D D D D D D D
San Joaquin River D D D D D D D D
Tulare Lake D D D D D D D D
North Lahontan D 1 D 1 D D D D
South Lahontan 20 31 7 15 2 4 4 12
Colorado River 9 18 2 3 1 2 9 13
Total (rounded) 100 370 170 340 50 80 20 140
a In some regiom, these levels of conservation are already beln achieved. Urban water conservation options beyond BMPs would not result in significant, cnst-

effective additional reductions in depletion in interior regions and are deferred (D). Only depletion reductions greater than 1 tafare considered in this table.

Although water conservation options will be car-Outdoor Water Use
tied out at the local level, they are discussed in this Ideally, landscape water use could be derived by the
chapter conceptually as statewide demand reductionmethod used for estimating agricultural water use--
options for simplicity of presentation. Analyses ofwa-multiplying water use requirements for different
ter conservation options for each hydrologic region arelandscape types by their corresponding statewide acre-
discussed in Chapters 7-9.

Urban Water Conservation Options

As discussed in Chapter 4, urban water use fore-
casts were calculated from estimates of population,
urban per capita water use, and conservation savings
from urban BMPs. The Bulletin assumes that urban
BMPs are put into effect by 2020, resulting in an esti-
mated 1.5 mar of demand reduction statewide.

The urban water conservation options described
below assume a more intensive application of current
BMPs and potential evolution of additional BMPs. If
all of the options described below were implemented,
nearly 1 maf/yr ofdeplerion reduction could theoreti-
cally be attained. The level of water conserved from
these options would vary for each region depending
on current urban water use and the region’s hydrolog3~
Since little or no depletion reductions would be
achieved in the Central Valley; urban water conserva-
tion options beyond BMPs are deferred for valley Cour~e~o.~B.rbar. C ....

regions. Table 6-3 summarizes statewide urban waterThe greatest potential reductions in urban water use would
eome jgom reducing outdoor water use for landscaping. Dataconservation options and the potential depletion re-
j~r accurately quantiJ)ing#resentaereageofurbanlandseaping

ductions associated with each option. These options(or for forecasting future acreage) are virtually non-existent
are evaluated for each ~region in Chapters 7-9. today.
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age, and summing the results to obtain a total for irri-average 65 gallons per capita dail)~ Options 3 and 4
gated landscapes in the State. As discussed in the sidebar,would reduce this average to 60 gpcd and 55 gpcd, re-
no firm numbers are available for statewide irrigatedspectivel)~ These reduced levels of indoor water use could
urban landscape acreage. For this Bulletin, based onbe achieved statewide if strong incentive programs, such
water budget data and projected increases in popula-as financial incentives for retrofits, were provided. More
tion, landscape water use in California is estimated toaggressive indoor water audits would be needed. Con-
increase from about 2.4 mafin 1995 to 3.6 mafin 2020.version to horizontal axis washing machines is assumed

The Department estimates that landscape in Call-to occur in 25 percent of all residences under Option 3
fornia will be irrigated on average at 1.0 ET0 by 2020.and 75 percent under Option 4.
Options to reduce outdoor water use assume that state- Option 3." Reduce Residential Indoor Water Use
wide landscape irrigation could be reduced on averageto 60gpcd. This option is based on the potential for a
to 0.8 ET0 either in new development, or in all devel- 3 gpcd reduction in leaks, a 1 gpcd reduction in shower
opment. These reductions would be realized throughusage, and a 1 gpcd reduction in laundry use. These
landscape water audits and incentive programs by re-savings result in an 8 percent reduction of applied water
railers. So that the cost of implementing these optionsbeyond current BMPs at the retail level. This option
can be equitably compared with other supply augmen-could achieve about 170 taf/yr in depletion reductions
tation options, the economic evaluations in Chaptersat a cost of about $400/af.
7-9 assume that implementation costs are funded by Option 4: Reduce Residentiallndoor Water Use
water purveyors and not by homeowners. This assump-to 55gpcd. This option is based on the potential for a
tion implies that water purveyors could choose to carry5 gpcd reduction in leaks, a 2 gpcd reduction in shower
out landscape water management programs in muchusage, and a 3 gpcd reduction in laundry use. These
the same manner as some urban purveyors have imple-savings result in a 15 percent reduction of applied water
mented ultra low flush toilet retrofit programs, beyond current BMPs at the retail level. This option

Option 1." Outdoor Water Use in New Develop- could achieve about 340 taf/yr in depletion reductions
ment to 0.8 ETo. The Model Landscape Ordinanceat a cost of $600/af.
indicates that a landscape plant factor of 0.8 ET0 could
be attainable through measures such as proper land-Interior CII Water Use

scape and irrigation system design, more intensive Urban BMPs account for 12 to 15 percent reduc-
landscape water audit programs, installing automatiction in commercial, industrial, and institutional water
rain sensors, better irrigation scheduling, and incen-use by 2020. Options 5 and 6 assume that CII water use
tire programs tied to an ET-based billing structure,could be reduced beyond BMPs with aggressive audits
Statewide, about 100 taf/yr of depletion reductionsand information programs by the retailer. These options
could be achieved by reducing outdoor water use tocould reduce CII water use by an additional 3 percent
0.8 ET0 at a cost of about $750/af. The ordinance isand 5 percent. The reduction levels are based on inca-
directly applicable to new construction; existing land-sures with varying payback schedules, and also on a
scaping would require retrofitting, national study funded by EPA which identii~es potential

Option 2: Outdoor Water Use in New and Ex- savings beyond BMPs attainable for various enterprises.
isting Development to 0.8 ETo. This option extends Option 5." Interior CII Water Use by 3percent.
the provisions of Option 1 to include existing devel-This option is based on measures requiring a five-year
opment. Statewide, about 370 taf/yr of depletionstart up time with payback in two years. The addi-
reduction could be achieved by reducing outdoor~wa-tional 3 percent CII reduction would require increased
ter use in new and existing development to 0.8 ET0.water audits and compliance with existing standards
The cost. of this option is difficult to quantify and isand regulations. This option could achieve about
greatly affected by site-specific factors. It is expected50 taf/yr in depletion reductions, primarily in coastal
to be high due to the cost involved in retrofittingregions, at a cost of about $500/af.
existing landscape. Option 6.. Interior �II Water Use by 5percent.

This option is based on measures requiring an addi-
ResldentialIndoor Water Use tional five-year start up period with a paybackwithin two

Options to reduce indoor residential water use as-to five years. The additional 5 percent reduction would
sume that by 2020, indoor water use in the State wouldaccrue through increased audits and compliance with
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CALFED Water Conservation Planning encourage high levels of conservation. Bulletin 160-98 as-
A technical appendix published with CALFED’s March sumes that demand reduction options beyond BMPs and

1998 draft PEIR/PEIS outlined a proposed water conserva-EWMPs must be cost-competitive with supply augmenta-
tion approach for urban and agricultural agencies wishing totion options, and that no new subsidies or financial assis-
participate in CALFED program benefits. CALFED’s con- tance programs are provided.
servation levels differ from those used in Bulletin 160-98. Demand reductions estimated to occur from implementa-
CALFED’s assumptions represent its vision of future conser-tion of CALFED conservation measures were not included

goals, uses approach quantification new water supplies poten-vation Bulletin160-98 the of forecast- in CALFED’s of

ing the ~uture based on present conditions. For example,tially generated by the program. Thus, they are also not in-
CALFED assumes that new sources of financial assistancecluded in the Bulletin 160-98 quantification of potential new
and other incentives would be provided to water agencies tosupplies from CALFED.

existing standards, and new efficiency standards. Aboutapplied water, unit ETAW and SAEs. Irrigated crop
80 taf/yr of depletion reduction could be achieved, pri-acreage was 9.5 million acres in 1995 and is expected
marily in the coastal regions, at a cost of $750/ff. to decline to 9.2 million acres by 2020 because of ur-

banization (mostly in the South Coast Region and San

Distribution System Losses Joaquin Valley), westside San Joaquin Valley drainage
problems, and changes in CVP water supply in the

The Department estimates that the average unac-
Central Valle~counted water in the State’s hydrologic regions ranges

between 6 and 15 percent. Two percent is attributed Bulletin 160-98 assumes that water purveyors

to unmeteredwater use (including water used for con-statewide will implement EWMPs by 2020, as de-

struction, fire fighting, and for flushing drains andscribed in Chapter 4. The resultant demand reduction

hydrants) and meter errors; therefore, distribution sys-
is included in the Bulletin’s 2020 agricultural water
use forecast. Statewide implementation of EWMPs

tern losses range between 4 percent and 13 percent,results in about 800 taf/yr of applied water reductions
Options to reduce distribution system losses assumeby 2020, largely from canal lining or piping and otherthat they could be reduced to 7 and 5 percent state-
wide with more aggressive leak detection and repairmeasures increasing average on-farm SAE to 73 per-

programs by the retailer, cent. Recent Department studies have shown that

Option 7: Distribution System Losses to 7per- average SAEs might be increased to 80 percent through

cent. This option assumes that water system auditsimproved irrigation equipment and irrigation manage-

would be carried out every three years, leak detec-ment practices.

tion surveys would be conducted from the audits, The agricultural water conservation options

and repairs would be made. The cost of this option is
described below were based on attaining SAEs

estimated to be about $200/af. This option would
greater than 73 percent, on average, through imple-
mentation of conservation measures in excess ofachieve about 20 taf/yr of depletion reductions,
present EWMPs. Average efficiencies of 76, 78, and

Option 8: Distribution System Losses to 5per- 80 percent were used for the water management
eent. This option assumes full metering of all wateroptions. The Department’s mobile laboratory data
sources and points of use, annual water audits, leakhave shown these efficiencies can be achieved in
detection of newly constructed pipelines, and system-certain locations and with some crops and irriga-
atic leak detection and repair programs linked to watertion methods.
audits. Implementation of this option would achieve Stressing orchards to reduce ET (also referred to
about 140 taf/yr of depletion reduction at a cost ofas regulated deficit irrigation) was not evaluated as an
$300/af. option. The RDI method was used successfully dur-

ing the drought, but may impact crop yields and needs
Agricultural Water Conservation Options further testing as a long-term management strateg~

Agricultural water use in the Bulletin’s 2020 fore-RDI and other irrigation techniques are discussed in
cast is calculated from estimates of crop acreage, unitChapter 5.

O 6-.l I EVALUATING OPTIONS FROM A STATEWIDE PERSPECTIVE ¯

C--0941 85
(3-094185



The California Water Plan Update BULLETIN 160-98

Agricultural demand reduct~qn options are evalu-servation occurs in the Colorado River Region. The en-
ated for each hydrologic region and summarized invironmental impacts of such conservation on the Salton
Table 6-4. The water conserved from these optionsSea must be carefully evaluated. The Salton Sea pro-
varies for each region according to prevailing irriga-vides valuable habitat for migratory waterfowl, and
tion practices and the regional soil types andalternatives for stabilizing its increasing salinity are
hydrology. As with urban conservation options, thenow being studied. Since agricultural drainage pro-
purpose of implementing these agricultural conser-vides the bulk of fresh water inflow to the sea, actions
vation options is to generate new water supply byreducing the freshwater inflow may not be
reducing depletions. Reducing consumptive useimplementable on a large scale.
results in additional water supply only where water
would otherwise be lost to evapotranspiration or to

Irrigation Management (Options 1, 2, and3)
a saline water body such as the Pacific Ocean. In
California agriculture, this condition exists prima- By 2020, the Department assumes that on-farm
rily in the Colorado River Region (which drains toSAEs will average 73 percent statewide. Based on mo-
the Salton Sea), parts of the coastal regions, and thebile laboratory studies, average SAE could reach 80
westside of the San Joaquin Valley. In the Sacra-percent through programs that include irrigation sys-
mento River and the San Joaquin River Regions,tern evaluations, better system design, and improved
almost all excess applied irrigation water is reused,irrigation systems and management practices. Options
ultimately percolating to usable groundwater or1, 2, and 3 represent the depletion reductions that
draining back into rivers that flow toward the Delta.would be obtained with improved average SAE at 76,

If all of the options discussed below were imple-78, and 80 percent, respectively. Increasing average SAE
mented, about 230 tar of depletion reduction couldfrom 73 to 76 percent would yield a depletion reduc-
theoretically be achieved. In areas where no depletionre-tion of about 40 taf/yr statewide at about $100/af.
ductions would be achieved by conservation beyondImproving SAE from 73 to 78 percent would increase
EW-MPs (such as the Sacramento and San Joaquin Riverdepletion reductions to 60 taf/yr statewide at a cost of
Regions), this additional conservation was deferred as a$250/a£ Improving irrigation management’ from 73
water supply option. Most of the potential for achievingto 80 percent SAE would result in statewide depletion
depletion reductions through additional agricultural con-reductions of about 80 taf/yr at a cost of $450/af.

TABLE 6-4

Agricultural Depletion Reduction Potential Due to Water Conservation Optionsa Beyond EWMPs (taf)

Opt 1 Opt 2 Opt 3 Option 4 Option 5 Option 6

Reydon 76% 78% 80%

Seasonal Application Flexible Water Canal Linin~ and Tailwater
E~cleney Delivery Piping° Recovery

North Coast D D D D D D
San Francisco Bay D D D D D D
Central Coast D D D D D D
South Coast 4 7 10 D D D
Sacramento River D D D D D D
San Joaquin River D D D 2 2 2
Tulare Lake 7 12 17 D D D
North Lahontan D D D D D D
South Lahontan 2 3 5 D D D
Colorado Riverc 22 36 50 30 45 65
Total (rounded) 40 60 80 230 50 70
a Implementing options in certain regions would not result in any depletion reduction. These options are deferred (D). Only depletion reductions greater than

I tafare presented in this table.
b Excludes lining of major conveyance facilities (eg., Alt American Canal, Coachella Canal), which are treated as individual options in the regional water

management chapters.
c These options are subject to environmental review to ensure that reduced depletions will not have significant impacts to the Salton Sea.
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Land Retirement in Drainage-impaired Areas
Land retirement has been considered for purposes that in-purpose of the program implementing the retirement.

elude drainage management and creation of wildlife habitat,For illustrative purposes, Bulletin 160-98 quantifled demand
as well as for potential water supply gains. Currently, two reductions associated with two land retirement scenarios on
programs have authority to fund land retirement the CVPIAthe westside of the San Joaquin Valley, where some agricultural
land retirement program and the San Joaquin Valley Drain-lands face serious drainage problems and where the existing
age Relief Program created by State legislation in 1992.land retirement programs are authorized to make acquisitions.
USBR’s CVPIA program has significant funding for land re-This analysis is presented to show the demand reduction
tirement, as described in Chapters 2 and 4. Retiring drain-amounts and potential associated socioeconomic impacts for
age-impaired land on the westside of the San Joaquin Valleythese drainage management options. Since the scope of Bulle-
would result in reduction of applied water and depletionstin 160-98 is limited to water supply/demand planning, the
associated with the current agricultural land use. The use ofBulletin does not include land retirement for drainagepur-
this associated water--whether for agricultural, urban, orposes as a water management option. The results of the land
environmental purposes--would depend on the authority andretirement analysis are shown in Appendix 6E

Water Delivery Flexibility (Option 4) irrigation systems on the westside of the valley where

The manner of water delivery to the farm affects there is unusable shallow groundwater are already lined

water use and efficiency of use. Flexible water deliveryor piped. This option could reduce depletions by

allows a farmer to turn water on and offat will. This is 45 taf/yr in the Colorado River Region. It is estimated
that this option would cost about $1,200/af.currently impractical for many gravity flow agricul-

tural water delivery systems because of the largeTailwater and SpillRecovery Syst~ns (Option 6)
volumes of water that must be delivered. However,
some agricultural water agencies have been able to at- This option would improve irrigation efficiency

low farmers to give shorter notice to the district beforeby the construction of additional tailwater and spill

receiving water and to allow farmers to adjust flow ratesrecovery systems. The tailwater recovery option is only

and the duration of the irrigation. Flexible water de-applicable to areas with furrow or border irrigation

livery beyond that achieved through implementationsystems. Spill recovery systems would lessen the amount

of existing EWMPs would yield about 30 taf/yr at aof water reaching unusable groundwater and surface

cost of about $1,000/af. water by reducing losses from operational spills in irri-
gation district delivery canals. About 70 taf/yr of

Canal Lining and Piping (Option 5) depletion reductions could be achieved with this op-
tion, primarily in the Colorado River Region, at a cost

Increased water use efficiency could be achievedof about $150/af.
by improving on-farm distribution systems beyond the
level of effort provided in existing EWMPs. Distribu-
tion system losses can be reduced by lining open canalEnvironmental Water Conservation
systems or using pipelines. Pipelines would reduceOptions

depletions from evaporation and from seepage of ap- Unlike the urban and agricultural efforts discussed
plied water to unusable groundwater. (This optionabove, little formal planning for environmental water
applies only to canal lining and piping of on-farm de-conservation has occurred. Development of a formal pro-
livery systems. Lining of major conveyance facilitiesgram to evaluate efficient water use on wetlands is
such as the All American Canal and lining of watercurrently the only active program. DFG, USBR, and
agency-owned canals are treated as individual optionsUSFWS are working with the Grasslands Resource Con-
in Chapters 7-9.) servation District to develop an interagency program for

Lining irrigation canal systems in the San Joaquinwater use planning for Central Valleywildlife refuges cov-
River Region could reduce depletions by about 2 tar/ered by the CVPIA. The program will include best
yr in areas that drain into unusable shallow ground-management practices for efficient water use. Draft work
water. Less than 1 tar in annual depletion reductionproducts are expected in 1998. The Bulletin does not
would accrue in the Tulare Lake Region because manyquantify options for wetlands water conservation.
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Water Supply Augmentation Options

Presently; most active planning for statewide water Foreba)~ as part of providing greater operational
supply options is being done either for the CALFED Bay- flexibility in export pumping.
Delta program or for SWP future supply~ In accordance(2) Channel dredging along 4.9 miles of Old River
with CVPIA requirements, an appraisal level water supply just north of Clifton Court Forebay.
augmentation report (for replacing the project water dedi-(3) Construction and seasonal operation of a barrier at
cated to environmental use) was recently prepared for the the head of Old River in spring and fall to improve
CVE. There has not been action to implement potential fishery conditions for salmon migrating in the San
CVP supply options described in that report, apart from Joaquin River. (Construction of an Old River fish-
initiation of a conjunctive use study described later in this ery barrier is included in CVPI~s list of mandated
chapter. Statewide-level supply augmentation options are federal environmental restoration actions.)
described in the following text, and a summary table of(4) Construction and operation of three flow control
their potential yield is provided at the end of this section, structures at Old River, Middle River, and Grant

Line Canal to improve existing water level and
Conveyance Facilities circulation patterns for agricultural users in the

Two programs, the SWP Interim South Delta Pro- south Delta.

gram and the CALFED program, are studying(5) Increased diversions into Clifton Court Fore-

conveyance actions in and around the Delta. Past stud- bay up to a maximum of 20,430 af daily on a

ies have evaluated a potential Mid-Valley Canal, a major monthly average basis, resulting in the ability
to pump an average of 10,300 cfs at Banksconveyance facility to supplement water supplies to

the eastern San Joaquin Valley. Pumping Plant.
ISDP could augment SWP supplies by 125 taf/yr

SWP Interim South Delta Program in average years and 100 taf/yr in drought years at a

The Department’s Interim South Delta Program2020 level of demand, based on present studies. This

proposes to improve water levels and circulation infigure does not take into account any new operational

south Delta channels for local agricultural diversions,restrictions that may be imposed on the project as a

and to enhance existing delivery capability of the SWPresult of the environmental review and permitting pro-

by improving south Delta hydraulic conditions, allow-cess which it is now undergoing. A draft EIR/EIS for

ing increased diversions into Clifton Court Forebay.the program was released in July 1996 and ESA con-

This would allow for more frequent use of full pump-sultation is ongoing. A final EIR/EIS is scheduled for

ing capacity (10,300 cfs) at the Banks Pumping Plantcompletion in 1999.

during high flows in the Delta, and more operationalCALFED Delta Conveyance
flexibility for reducing fishery impacts.

The ISDP partly responds to the proposed settle- The CALFED Bay-Delta program is carrying out a
ment of a lawsuit brought by the South Delta Waterthree-phase process for solutions for the Bay-Delta sys-
Agency against the Department and USBR. In thetem. In Phase I, the program identified the problems in
proposed settlement agreement, the three parties com-the Bay-Delta system, developed guiding principles, and
mitred to develop mutually acceptable long-termdevised three basic alternatives to solving the identified
solutions to the water supply problems of water usersproblems. The second phase consisted of preparing a
within S DWA. The Department has taken the leadprogrammatic EIR/EIS covering three main alternatives
responsibility for planning and constructing thefor conveyance of water across the Delta:
project, with cost-sharing provided by USBR. ¯ Alternative 1. Water would be conveyed through

The ISDP preferred alternative would cost an es- the Delta using the current system of channels.
timated $60 million to construct and includes fivē Alternative 2. Water conveyance through the
components: Delta would be substantially improved by mak-
(1) Construction and operation of a new intake struc- ing significant changes to the existing system

ture at the northeastern corner of Clifton Court of channels.
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in operating the Bay-Delta system, allowing operators
to respond to changing conditions and needs through-
out the year, and would help respond to the effects of
drought. Surface storage could be in the Delta, upstream
of the Delta, or south of the Delta. Groundwater stor-
age components include conjunctive use and
groundwater banking programs in the Sacramento and
San Joaquin Valleys and in the Mojave River Basin.

A public review draft of the PEIR/PEIS was re-
leased in March 1998. CALFED expects to issue a
revised draft PEIR/PEIS by the end of 1998. The re-
vised draft would identify CALFED’s draft preferred
alternative. The third phase of the CALFED process
would involve staged implementation of the preferred
alternative, over a time period perhaps as long as 30
years, and would require site-specific compliance with
NEPA and CEQA.

In June 1998, it was announced that the second
Deltaleveesprote~tlnj~astrueturesuehasEBMUD’sMokelumnedraft of CALFED’s PEIR/PEIS would focus on a first
River Aqueduct, highways, railroads, andpower transmission stage of program implementation that would be de-
lines, fined as the period prior to final action on any major

new surface storage or conveyance projects that might
be addressed in CALFED’s draft preferred alternative.

¯ Alternative 3. Water conveyance through the DeltaThe first stage was estimated to span seven to ten years.
would be substantially improved by making sig-The first stage was to focus on implementation ofdem-
nificant changes to the existing system of channelsonstration projects and actions associated with
and constructing a conveyance facilit~ isolatedCALFED common program elements (see accompa-
from the Deltas natural channels, to transport partnying sidebar) and on further planning for water
or all of the water intended for export, storage and conveyance actions.
Each alternative presents options for water storage, The total costs of the CALFED program are dif-

as well as a system for conveying water through and/orficult to estimate at this time because of its broad
around the Delta. The water storage element could in-scope and programmatic nature, and because deci-
dude expanding existing storage, constructing newsions have not yet been reached about specifics of
surface storage, or conjunctive use and groundwaterimplementation. CALFED’s PEIR/PEIS estimated
banking. Additional storage would increase flexibilitytotal program costs as potentially in the range of

CALFED Bay-Delta Program
Common Programs

The following six common program elements provide the Delta system resources.
foundation for overall improvement in the Bay-Delta system. ¯ Water Use Efficiency Program--Provide for efficient use
Each of the individual elements is a major program of its own. of existing water supplies and assure efficient use of any
° Long-Term Levee Protection Plan Improve reliability of new supplies developed through the program.

the Delta levees to benefit all users of Delta water and land.̄  Water Transfer Policy--Provide a framework to facilitate
¯ Water Quality Program--Reduce point and non-point and encourage a water market to move water among users

source pollution for the benefit of all water uses and the on a voluntary and compensated basis.
Bay-Delta ecosystem. ¯ Watershed Management Coordination--Encourage lo-

¯ Ecosystem Restoration Program--Improve habitat, cally-led watershed management activities that benefit
restore critical flows, and reduce conflict with other Delta system resources.
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$10 billion, over a program life of several decades. At the time when initial planning was being per-
There is presently no information available on whatformed for a statewide water resources development
portion of those costs would be allocated to any newsystem, .t~he State filed applications for the appropria-
water supply CALFED would develop, five water rights (including rights to store water) needed

for coordinated development of California’s water re-
Mid-Valley Canal sources. Some of these State filings were subsequently

The Mid-Valley Canal was a proposed conveyanceassigned to CVP or SWP facilities, and some to local
facility to supplement water supplies to the eastern Sanprojects. SWRCB may not, in acting on water right
JoaquinValley. With two components--a main branchapplications for these State filings (e.g., applications
and a north branch the canal would convey existingfor a new surface storage facility), deprive the county
CVP water supply from the Delta to portions ofof origin of the water needed for its present and future
Merced, Madera, Fresno, Kings, and Tulare Countiesdevelopment. Many of these original State filings have
and, by exchange, Kern County. now been assigned and the associated facilities have

The main branch of the Mid-Valley Canal would been constructed.
convey water from the Mendota Pool down the east Water Code Sections 11460 et seq. require the
side of the valley, providing additional water deliveriesDepartment, with regard.to construction and opera-
to the southern San Joaquin Valley and Tulare Laketion of the SWlq, to not deprive areas 0forigin, or "an
Basin. The north branch would divert water out of thearea immediately adjacent thereto which can conve-
Mendota Pool to provide additional water deliveriesniently be supplied with water therefrom," of the water
to the eastern San Joaquin Valley. Water deliveries couldreasonably needed for their beneficial uses. Water agen-
be provided for conjunctive use andgroundwater bank-cies in the area of origin and adjoining areas could
ing programs, alleviating groundwater overdraftcontract with the Department for SWP supply pursu-
conditions. Improved groundwaterconditions throughant to this provision. The terms and conditions
delivery of surplus Delta flows could increase the tell-contained in the contract would depend on the nature
ability of drought year supplies. Because of theof the agencies’ needs. If the agency wished to become
uncertainty of Delta exports, this option is deferred froma SWP contractor on a par with the existing 29 water
further analysis in this Bulletin as a statewide option,contractors, the contract would be negotiated in the

same manner, as the existing SWP contracts. An area
of origin agency with different needs might seek a dif-

Surface Storage Facilities ferent contractual format. For example., an alternative
Developing additional surface storage is an impor-contractual form might be negotiated for agencies that

rant option for improving statewide water supplycould carry out local conjunctive use programs to re-
reliability. New facilities could store water for the envi-duce their need for a firm supply from the SWP.
ronment, agriculture, municipalities, industr~ or aExisting SWP contractors pay a share of the costs of
combination of these uses. More storage would increasedeveloping SWP suppl~ plus a transportation charge
flexibility in operating the Bay-Delta system, improv-that reflects the cost of water delivery to a contractor’s
ing operators’ ability to respond to changing conditionsservice area. Actual water supply and transportation
and needs throughout the year. At this time, the onlycharges for an area of origin contractor would be de-
statewide-level studies of new surface storage facilitiestermined by the type of water supply needed and the
are those relating to the CALFED program, associated transportation facilities. To date, no area of

origin agencies have negotiated water supply contracts
Area of Orig~n Protections with the Department.

As described in Appendix 2A, there are explicit
statutory protections for area of origin water develop-CALFED Surface Storage

ment, with regard to actions taken by SWRCB in New water supply provided by the CALFED pro-
administering water rights and by the Department ingram would come about by implementing some
providing SWP supply. These provisions apply to thecombination of surface storage facilities and conjunc-
construction and operation of CVP and SW-P facili-rive use programs (discussed later in this chapter).
ties and would apply to any CALFED-related facilitiesBulletin 160-98 describes potential CALFED storage
constructed by the projects, facilities and their water supply contributions for
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illustrative purposes, but does not attempt to identify Over the past century, hundreds of potential res-
which facility or facilities CALFED might construct, ervoir storage sites have been examined encompassing
As presently scheduled, CALFED would not beginevery significant tributary of the Sacramento River
construction of a new surface storage facility until af-Basin. The most economical and practicable of those
ter its initial implementation of common programwere developed, the largest of which are Shasta,
elements. Given the long lead time associated withOroville, Berryessa, Almanor, Folsom, and New
moving forward on large storage facilities, new waterBullards Bar. Options for additional storage are pri-
supply from a CALFED facility may not be availablemarily past project proposals that were not developed.
by the Bulletin’s 2020 planning horizon. The poten- The average annual surplus outflow in the Sacra-
tial new water supply provided by CALFED storagemento River Basin is about 9 ma£. While this suggests
(quantified later in this chapter) is necessarily a place-potential for additional storage development, much of
holder, as no decision has yet been made on a draftthe surplus runoff occurs during short periods in years
preferred alternative. Quantification of CALFED ac- of exceptional flood runoff. For example, a maximum
tions for Bulletin 160-98 is based on informationdaily flowofabout 600,000 cfs flowed past Sacramento
provided in CALFED’S March 1998 first draft PEIS/ during the floods of February 1986 and January 1997.
PEIR and supporting technical appendices. New storage capacity could be developed to capture a

For illustrative purposes, the Bulletin’s discussionsmall fraction of this surplus. Prospects for the develop-
of new CALFED storage facilities treats some of thement of additional onstream surface storage reservoirs
facilities as if they were part of the SWP, to provide aare discussed in the sidebar.
benchmark for calculating their yields via operations Besides the onstream reservoir sites proposed over
studies. Many of these sites have been studied histori-the years, many potential offstream storage sites have
cally as potential SWP future water supply facilities,been investigated to develop surplus water in the upper
and data available for them reflect that intended pur-Sacramento River Basin. Major planning on such
pose. The Bulletin’s treatment of these facilities asprojects began in the 1970s, in the wake of wild and
potential components of the SWP is to facilitate theirscenic rivers legislation that effectively eliminated addi-
quantification, and is not intended to be a proposal astional development of the North Coast rivers. By then,
to the agency that would actually finance, construct,it was also apparent that new storage sites on the Sacra-
and own them. To date, there has been no determina-mento River were not environmentally feasible, so
tion of how any new supplies developed by CALFEDattention shifted to various onstream tributary reservoirs
would be allocated, and to offstream sites. With one exception (Tuscan

The following sections present an overview of theButtes Reservoir on Inks Creek, north of Red Bluff),
locations where new CALFED surface storage facili- the most promising offstream storage sites investigated
ties could be developed, during this time lay west of the river from the Stony

Surface Storage Upstream ofthe Delt~ Review of Creek Basin (Newville and Glenn Reservoirs) south
potential statewide surface storage options upstream of(from Colusa and Sites Reservoirs) to the Putah Creek
the Delta revealed that most of the water developmentBasin (enlarged Lake Berryessa). All these projects would
potential ofthe eastern Delta and San Joaquin River tribu-require conveyance facilities to divert surplus flow (usu-
taries is likely to be dedicated to local plans. Theally during flood periods) from the Sacramento River,
Sacramento River Basin presents nearly all the potentialsome with potential pump lifts of 300 to 900 feet.
for additional development to meet statewide needs. (CALFED’s studies of storage options are presently ex-

The Sacramento River Basin produces nearly one-amining whether existing facilities such as the
third of California’s surface runoff. About 16 mafTehama-Colusa Canal could be modified to serve as
total reservoir storage throughout the basin regulatesconveyance facilities for some of the potential offstream
much of that runoff to support extensive agriculturalstorage sites.) Offstream storage projects of this type can
development within the region, and also providesbe sited to minimize environmental impacts within the
significant water supply for export to other regions frominundation area, but diversions from the river involve
CVP and SWP facilities. A potential remains for de-engineering and environmental challenges.
veloping additional storage in the basin, as evidenced There has been a revival of interest in other
by frequent winter outflows in excess of in-basin andoffstream storage possibilities, some new and some that
Delta needs, appeared in the Department’s Bulletin 3, The Califar-
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Prospects for Onstream Surface Storage Yuba and Bear Rivers
Upstream of the Delta TheYuba River constitutes 11 percent of Sacramento River

The seven areas outlined below contribute more than 80Basin runoff, but is substantially diminished by power diver-
percent of Sacramento River Basin runoff. The remainingsions to the adjacent Bear and Feather Rivers. Still, a signifi-
runoff originates within the substantial valley floor area andcant potential for additional storage remains. Proposals for
adjacent low- elevation foothills. With few exceptions, streamslarge reservoirs at the Marysville (or nearby Narrows) site have
draining this area are ephemeral, flowing only during andbeen discussed in the past 40 years. Upstream development
following storms. No consideration has been given topotential is restrained by extensive existing power facilities
onstream storage on these minor tributaries or nearby valleyand diversions. The Bear River is small, but its runoffis bol-
floor areas, except for discussion of possible winter storage instered by the diversions from the Yuba River.
rice fields.

American R;ver
Upstream from Shasta Dam With 12 percent of Sacramento Basin runoff, the Ameri-

About 26 percent of basin runofforiginates in this 6,700- can River could support more than the 1.0 maf of storage
square mile tributary area, primarily in the Pit, McCloud, provided by Folsom Lake and the nearly 0.5 mar of upper
and upper Sacramento Rivers. The availability of water tobasin storage. For the past decade, recognition of a flooding
support additional storage has long been recognized. In thehazard along the lower American River has added urgency to
1930s, Shasta Dam planners considered a larger project, butfinding options, including enlarging Folsom Lake and
opted for construction of storage downstream at the Tableconstructing additional storage upstream at Auburn. The con-
Mountain or Iron Canyon sites near Red Bluff. When thetroversy over Auburn Dam prompted reappraisal of storage
downstream dam proved environmentally unacceptable, al-sites farther upstream and on the South Fork, but none ap-
ternatives examined eventually included enlarging Shastapeared to justify follow-up attention.
Dam. New storage upstream is possible, but sites are limited
by steep topography and extensive existing power develop-Westslde Tributaries South of Cottonwood Creek
ment of the Pit and McCloud systems. The principal tributaries in this group are (from south

to north): Putah, Cache, Stony, Thomes, Elder, and Red
Upper Saeramento River Tributaries, Shasta Dam to Bank Creeks. The existing Lake Berryessa, which has an
RedBluff unusually high storage/inflow ratio, fully develops Putah

This large, but low-elevation, area contributes about one-Creek. Clear Lake and Indian Va!ley Reservoir provide
eighth of Sacramento River Basin runoff The principal tribu-about 0.6 mar of active storage in the upper Cache Creek
taries (in descending order of runoff) are Cottonwood, Cow,Basin, but only modest potential exists for additional stor-
Clear, and Battle Creeks. Clear Creek is fully developed byage in the lower basin. East Park, Stony Gorge, and Black
Whiskeytown Lake (a CVP facility). Several reservoir sites haveButte Reservoirs partially control Stony Creek, but some
been investigated on the other tributaries, with primary era-surplus water remains. Thomes, Elder, and Red Bank
phasis on Cottonwood Creek. Previously studied reservoir sitesCreeks are presently uncontrolled; Thomes Creek contrib-
are available in this area, but none have proven viable, utes about two-thirds of the runofffrom this northern trio.

Potential reservoir sites have been considered on the vari-
Feather River ous westside tributaries, principally within the Stony/

This is the Sacramento River’s largest tributary and con-Thomes Basins.
tributes 20 percent of basin runoff, an annual average of about
4.5 maf. Lake Oroville at 3.5 maf regulates Feather RiverOther Tributaries, Feather River to Red Bluff
flows in most years, but the huge spills in wet years show that From south to north, the major streams of this group are
the river could support additional storage. Enlargement ofButte, Big Chico, Deer, Mill, and Antelope Creeks. These
Lake Oroville has not been considered practical and the fewdrainages are narrow, steep canyons with good sustained sum-
upstream sites identified in the past have fallen by the way-met flows. Past studies have identified a few small potential
side for various environmental and economic reasons. Nostorage sites, but none are considered practical because of
serious planning attention has been devoted to major reser-environmental considerations (primarily anadromous fish and
voir storage in the Feather River Basin since construction ofwilderness issues).
Oroville Dam.

nia Water Plan, in 1957. Among the latter is a poten- store surplus American River water from Folsom Res-
tial local project, Waldo Reservoir, to store surplus Yuba ervoir in the nearby Deer Creek or Laguna Creek
River water diverted from the existing Englebright Basins. Offstream storage projects of this type are at-
Reservoir. Similar proposals have been developed to tractive because they eliminate the need for onstream
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reservoirs and divert from existing facilities upstream Operation of the SW2~ and CVP is governed by sev-
from current anadromous fishery habitat, eral limiting factors including available water supplies,

To illustrate how specific surface storage projectsdemands on these supplies byproject contractors, Delta
upstream of the Delta compare with one another, Bul-water quality standards, instream flow requirements, and
letin 160-98 planning criteria were used to screen andconveyance capability. The availability of water supplies
evaluate the reservoir sites (Appendix 6G). CALFED isvaries with natural conditions and upstream development.
performing its own evaluation of possible storage sites.Winter floods can produce Delta flow rates of up to sev-
An initial screening may be included in its final PEIS/eral hundred thousand cfs, while summer rates can be as
PEIR. More detailed evaluations of the remaining siteslow as a few thousand cfs. Annual Delta inflow varies
would be carried out after CALFED begins to imple-substantially, ranging from more than 70 mafin wet years
ment initial elements of the common programs, to less than 7 mafin drought years.

O~-Aqueduct Surface Storage South of the Since the 1950s, alternative off-aqueduct storage
Delta. Off-aqueduct surface storage south of thereservoir sites south of the Delta have been investi-
Delta has been investigated for many years,gated by the Department. An agreement between the
CALFED’s storage evaluations include reviewing off-State and federal governments was signed in 1961 for
aqueduct storage, construction and operation of San Luis Reservoir, a

The CVP and SWP operate by releasing waterjoint-use offstream storage facility completed in 1968.
from upstream reservoirs, which flows through theBefore completion of San Luis Reservoir, it was recog-
Delta and is diverted, together with unstored flowsnized that additional storage south of the Delta was
available for export, by the projects’ pumping plants,needed. As a result, a Delta storage development pro-
located in the south Delta. Storage south of the Deltagram was authorized by legislative action in 1963-64,
is provided by San Luis Reservoir, a joint SWP/CVPand work started to analyze the remaining potential
facility in the San Joaquin Valley. Water pumped atoff-aqueduct storage sites in the San Joaquin Valley.
the Banks and Tracy Pumping Plants is transported toUnder this program a cursory examination of poten-
San Luis Reservoir during the winter and early springtial sites identified the Kettleman Plain, Los Banos,
and later delivered to agricultural and urban water con-and Sunflower sites for more in-depth study. I(ettleman
tractors. Additional storage south of the Delta wouldand Sunflower Reservoir sites were dropped after re-
increase water availability through greater capture ofconnaissance level review because of their physical
surplus winter runoff, as well as provide for greatercharacteristics. The Los Banos site was deemed satis-
flexibility inoperatingtheprojects, factory for further study, and a 1966 report

Dependable water supp!ies from the SWP are es-recommended additional geological exploration.
timated at about 3.1 and 2.1 maf for average and In the I970s, a Delta alternatives study reviewed
drought years, respectively. Operation studies show thatall drainages south of the Delta and selected Los Va-
under 2020 level of demand, there is a 25 percentqueros, Los Banos Grandes, and Sunflower Reservoirs
chance of delivering full entitlement in any given yearfor further studies. In a 1976 Delta alternatives memo-
with existing facilities. Operation studies show similarrandum report, the Sunflower site was again eliminated
CVP delivery capabilities to its Delta export servicewhen compared with the other sites on the basis of
area. (See Chapter 3 for discussion of SWP and CVPlow storage availability and marginal foundation con-
operations.) Additional off-aqueduct storage southditions. The Los Vaqueros site in Contra Costa County
of the Delta would increase water supply reliability ofwas included in the Department’s proposed Delta pro-
both projects, gram and was part of a comprehensive water

In addition to increasing water supply reliabilitymanagement program proposed for authorization via
for both projects, more off-aqueduct storage south of1977-78 legislation. (LBG was an alternative to Los
the Delta would allow flexibility in pumping from theVaqueros in that legislation.) After that legislation failed
Delta. This flexibility would allow for shifting of Deltapassage, Los Vaqueros was included with the Periph-
pumping toward months when the impacts of Deltaeral Canal in SB 200. LBG was not specifically
diversions on fisheries are at their lowest. Having ad-mentioned in SB 200, but the bill provided for addi-
ditional storage south of the Delta would allow thetional off-aqueduct storage south of the Delta. In 1980,
projects to operate efficiently by taking advantage ofSB 200 was signed into law, but was overruled by vot-
times when maximum pumping is permissible, ers in the 1982 general election.
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the islands (Bacon Island and Webb Tract) as reservoir
islands, and seasonally divert water to create and en-
hance wetlands for wildlife habitat on the other two
islands (Bouldin Island and Holland Tract). The de-
veloper would improve and strengthen levees on all
four islands and install additional siphons and pumps
on the perimeters of the reservoir islands.

The developer’s project would divert surplus Delta
inflows, or would manage transferred or banked water
for later sale and/or release for Delta export or to meet
Bay-Delta water quality or flow requirements. The res-
ervoir islands would be designed to provide a total
estimated initial capacity of 238 taf~l 18 taffrom Ba-
con Island and 120 taf from Webb Tract--at a
maximum pool elevation of 6 feet above mean sea level.

A draft EIR/EIS for the Delta Wetlands Project
was completed in September 1995. SWRCB held water
rights hearings in 1997. Issues included water quality
concerns, levee integti~ seepage impacts on adjacent is-

The Los Banos Grandes damsite area, looking westerly towardlands, and fishery impacts. SWRCB is currently reviewing
the Coast Range. and evaluating the evidence to develop a draft decision.

The Department initiated a more comprehensive
investigation of alternative off-aqueduct storage reser-Multipurpose Storage Facilities

voirs south of the Delta in 1983, and after an initial Most reservoirs are constructed to serve multiple
examination of 18 storage sites, completed a recon-purposes. As discussed in Chapter 3, multipurpose
naissance report on 13 potential San Joaquin Valleyreservoirs are often operated to prioritize certain uses
sites. The study recommended that LBG be investi-or to balance competing uses during different times of
gated to determine its most cost-effective size, and itsthe year. Good planning policy dictates that new sur-
engineering, economic, financial, and environmentalface storage facilities be designed to accommodate as
feasibility. In 1984, the Legislature unanimously ap-many purposes--such as water supply; flood control,
proved Assembly Bill 3792, authorizing LBG as ahydropower generation, fish and wildlife enhancement,
facility of the SWE The Department released a draftwater quality management, and recreation--as are
EIR and a feasibility report on LBG in 1990. practicable.

Since the 1990 reports, increased restrictions on Although Bulletin 160 is focused on evaluation of
Delta pumping and rising costs have prompted recon-water supply options, this focus is not intended to
sideration of the LBG proposal. Given the uncertaintyminimize the need to consider the other benefits po-
of future Delta exports and the reluctance of some SWPtentially available from reservoir sites--especially flood
contractors to participate in the project, the Depart-control. The January 1997 flooding, the largest and
ment reevaluated the feasibility and optimal size ofmost extensive flood disaster in the State’s history, dem-
additional off-aqueduct storage. A subsequent Alter-onstrated the urgent need to improve flood protection
native South-of-the-Delta Offitream Reservoir levels throughout the Central Valley. The 1997 Final
Reconnaissance Study identified all alternative reservoirReport of the Governor’s Flood Emergency Action Team
sites south of the Delta by cursory examination of allcontained a variety of recommendations for improv-
topographic possibilities. An overview of sites studieding emergency response management and flood
in the past is provided in Appendix 6G. protection in the Central Valley.

In-Delta Storage. CALFED has also considered The 1997 floods highlighted a fundamental fact
in-Delta storage. A private developer has proposed aof Central Valley geography--the valley floor is rela-
water storage project involving four islands in the Delta.tively flat, and only an extensive system of levees
The project would divert and store water on two ofconfines floodwaters to those areas where people would
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area, which has one of the lowest levels of flood protec-
tion of any metropolitan area in the nation.

In the San Joaquin Valle)~ urbanized areas need-
ing additional protection are those affected by flooding
on the mainstem San Joaquin River and on its largest
tributary; the Tuolumne River. In the January 1997
flood event, runoff at New Don Pedro Dam on the
Tuolumne River and Friant Dam on the San Joaquin
River exceeded the flood control capability of both res-
ervoirs. On the Tuolumne River, it appears that new
upstream reservoirs are a less likely flood control op-
tion, given the basin’s existing storage development.
Enlarging Friant Dam (or constructing its offstream
alternative) would be the most probable new storage

The January 1997 floodlng in the Central Fallacy emphasizeddevelopment option for the San Joaquin River.
the vulnerability oflandsprotected by levees. Bulletin 160-98 includes Auburn Dam and Friant

Dam enlargement as starewide options likely to be
prefer that they remain. At the beginning of the valleysimplemented (by CALFED or by others) by 2020. Ac-
development in the Gold Rush era, much of the valleycording to CALFED, the capital cost of a 2.3 maf
floorwas an inland sea during the winter months andAuburn Dam would be about $2.3 billion in 1995
travel was possible only by boat. This condition wasdollars. According to USBR, the cost of raising Friant
once again experienced on a localized scale in 1997,Dam by 140 feet with 500 taf additional storage is
when numerous levee breaks occurred throughout theabout $580 million. (This estimate, in 1997 dollars,
valle~ Although more emphasis is being given to flood-does not include costs associated with purchasing prop-
plain management and prevention of futureert~ the cost of relocating utilities, and mitigation
development in flood-prone areas, extensive urban de-costs.) Potential yields associated with these projects
velopment has already occurred in areas that rely onwere estimated through operations studies. A 2.3 maf
levees for flood protection. Efforts to improve floodAuburn Reservoir is estimated to provide 620 tar in
protection for these urban areas necessarily includeaverage years and 370 tafin drought years. An enlarged
evaluation of upstream storage alternatives--Friant Dam is estimated to provide 90 tafin average
reoperation or enlargement of existing reservoirs and¯ years. As noted in Appendix 6G, an enlarged Shasta
construction of new reservoirs. Lake would provide major water supply and other ben-

From a flood control standpoint, therearelocationsefits, but additional studies of its costs and
within the Sacramento and San Joaquin River systemsenvironmental impacts would be needed before the
where additional storage (onstream, or perhaps oi~tream
with appropriate diversion and pumping capability) would
be particularly useful. Communities in the Sacramento ~
Valley with greatest need for additional flood protection
include the Yuba City/Marysville and Sacramento/West
Sacramento areas, as identified in the 1997 FinalReport
of the Governor’s Flaad Emergency Actian Team. An en-
larged Shasta Lake could provide additional management
of flood flows on the Sacramento mainstem. The need
for more flood control storage on theYuba River has been
evaluated for some time, in conjunction with reservoir
sites such as the old Marysville site, or the more recent
Parks Bar alternative. The proposed Auburn Dam on the
American River, selected as the preferred flood protec- Co,r,e~oS’C,~,.~,St,~Zlbr,~r.
tion alternative by the State Reclamation Board, wouldHigh technology (circa 1900) being used to construct a
providemuch-neededfloodprotectionfortheSacramentoSacramento River levee south of the then-downtown area.
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project could proceed to implementation. It is recom-ated on a site-specific basis, just as surface water stor-
mended that feasibility-level studies of enlarging Shastaage facilities are evaluated. In concept, Sacramento
be initiated to quantify its costs and benefits. Prelimi-Valley conjunctive use programs would operate by en-
nary studies show that a 9 mafenlargement of Shastacouraging existing surface water diverters to make
would yield about 760 tafin average years and 940 targreater use of groundwater resources during drought
in drought years, periods. The undiverted surface water would become

available for other users, and groundwater extractions
Groundwater and Conjunctive Use would be replaced during subsequent wetter periods

The potential sustainable water supply that couldthrough natural recharge, direct artificial recharge, or
be derived from groundwater storage is constrainedin-!ieu recharge (supply ofiidditional surface water to
by the water available to recharge the storage, the avail-permit a reduction of normal groundwater pumping).
able storage capaciW, and the wheeling capability of The DWB provides an example 0fconjunctive use
the conveyance facilities. In most areas the sources ofin the Sa(ramento Valley. In 1991, 1992, and 1994,
recharge are natural percolation from overlying streams,the DWB executed contracts to compensate Sacra-
infiltration of precipitation, deep percolation of ap-mento Valley agricultural water districts for reducing
plied irrigation water, and seepage from irrigationtheir diversions of surface water. Most of the reduced
canals and ditches. In some areas, these sources aresurface water diversions were made up by increased
augmented by artificial recharge, groundwater extractions from existing wells. The 1994

program in this area was the largest, amounting to
Potential for Conjunctive Use in the approximately 100 tar. The DWB program included a
Central Val~y groundwater monitoring component to evaluate the

Plans for local development ofaddirional ground-effects of increased extractions on neighboring non-
water and conjunctive use programs are covered inparticipating groundwater users. Such monitoring
Chapters 7-9. This section reviews the potential forprograms would be an important component of fu-

groundwater development and conjunctive use as ele-ture conjunctive use programs.
ments ofstatewide water management, concentrating San Joaquin Valley. Potential conjunctive use
on the potential for augmenting supplies of the majorprojects in the San JoaquinValleywould involve recharg-
State or federal water projects. As noted earlier, con-ing empty groundwater storage space for later withdrawal.
junctive use programs are also a component ofAlthough aquifer storage capacity is a’c~jlable (over
CALFED’s storage evaluations. 50 mar), a lack of recharge water limits opportunity for

Sacramento Valley. As noted in the previous dis-conjunctive operation. Even with Delta improvements,
cussion of surface storage facilities, the Sacramentoprospects for additional groundwater conjunctive use stor-
River Basin constitutes most of the potential for addi-age south of the Delta are limited. From the standpoint
tional water development to meet statewide demands,of statewide water supply, the areas of conjunctive use
Just as surface storage reservoirs are being evaluated topotential are those within reach (either directly or through
develop a portion of the basin’s surplus runoff (aboutexchange) of the California Aqueduct or CVP facilities.
9 maf), managed conjunctive use programs are beingExamples of projects studied in the past include the Kern
evaluated to the same end. Water Bankand the Stanislaus/Calaveras River Basin pro-

Although there is a tendency to think of Sacra-gram. The Kern Water Bank project, described in
mento Valley groundwater in terms of a homogeneousChapter 8, was initially developed by the Department
underground reservoir that.fluctuates gradually withand was subsequently turned over to the KWB Author-
wet and dry cycles, the reality is more complex. Whilei~. The KWB is discussed as a local water management
much of the Sacramento Valley groundwater basin isoption for the Tulare Lake Region in Chapter 8.
interconnected, aquifer structure is far from uniform The Department and USBR, in coordination with
and horizontal movement of groundwater is slow. Dif-local agencies, evaluated the possibility of a conjunc-
ferences in groundwater conditions exist from one arearive use project in the Stanislaus/Calaveras River Basin.
of the valley to another. Even within a small subarea,SEWD and CSJWCD proposed a conjunctive use
groundwater resources can range from abundance toproject in 1986 for their CVP interim water supply
scarcity within a few miles, contracts (155 taf/yr). The districts would divert CVP

Potential conjunctive use programs must be evalu-surface water supply in wet years and would pump
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parallel tracks. The first track is an evaluation of the
legal and institutional framework to define potential
projects and their limitations. The second track is an
inventory of water supply infrastructure, water use, and
hydrogeologic characteristics of the valley to identify
areas most suitable for conjunctive use projects. The
third track is a pre-feasibility investigation of specific
potential projects. Where appropriate, these studies rec-
ommend more comprehensive feasibility studies, or
development of small scale demonstration and testing
projects. One such project under evaluation, the Ameri-
can Basin conjunctive use project, is discussed in the
sidebar. Under the terms of Monterey Agreement con-
tract amendments now in place for most SWP water
contractors, only those contractors interested in receiv-
ing supplies from the project would participate in it.
Since no other SWP conjunctive use projects are cur-
rently in active planning, the yield of the potential

Reehargefadlities in the Kern Water Bank area. Levees andAmerican Basin project is used as a surrogate for the
eonveyaneefadlltles have been eonstrueted to manage spreadingyield of SWP conjunctive use programs.
of water in the recharge areas. Least-Cost CVP Yield Increase Plan. USBR’S

1995 yield increase plan evaluated possible actions to
groundwater and divert South Gulch Reservoir sup-replace the water supply that CVPIA dedicated to en-
plies in drought years. Water would be stored in thevironmental purposes. The plan identified conjunctive
proposed South Gulch Reservoir, an offstream storageuse as offering the largest potential, estimating that
reservoir near the Calaveras River, in wet years. Inactive recharge in the Central Valley would yield over
drought years the districts would allow the water to be800 tar/yr. A regional groundwater model characteriz-
released to the Stanislaus River for fishery needs, wa-ing the Central Valley was used to identify potential
ter quality improvement in the southern Deltasites for active recharge programs. Table 6-5 lists po-
channels, and CVP and SWP water supply improve-tential yield estimates from the study. Yield estimates
ment. Subsequent enactment of CVPIA and issuancefor active recharge programs were based on the avail-
of SWRCB’S Order WR 95-6 substantially reduced theability of floodflows on adjacent rivers. Local water
quantities of surface water available to SEWD andsupply availability has almost always limited the po-
CSJWCD. The Department deferred further partici-tential of a particular site. Implementation of
pation in this program as a source of SWP supply. Localconjunctive use options would require additional lea-
agencies are continuing to evaluate other conjunctivesibility investigations and identification of potential
use programs in this area, as described in Chapter 8.environmental impacts.

Madera Ranch Project. As described in Chap-
Recent Groundwater Studies with ter 8, USBR is in initial stages of evaluating a
Statewide Scope conjunctive use project known as the Madera Ranch

The Department is evaluating conjunctive use op-project, which might yield up to 70 tar/yr. Water sup-
portunities that could provide future water suppliesplies for the project would come from excess flows
for the SW’P. USBR suggested that conjunctive useavailable at the Delta for export. USBR, in coopera-
could be a major option for CVP water users in itstionwith the San Luis and Delta-MendotaAuthority,
1995 report to Congress, Least-Cost CVP Yieldlncreasehas completed a preliminary investigation of the
Plan. CALFED is examining conjunctive use oppor-project and is now evaluating land acquisition. Since
tunities as part of its storage evaluations, supplies from the potential project would be provided

SWP Conjunctive Use Studies. The Department’s only to one group of CVP contractors and not CVP-
investigation of Sacramento Valley conjunctive use po-wide, the project is discussed as a local project in
tential for additional SWP supply is following threeChapter 8.
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TABLE 6-5

CVP Yield Increase Plan Conjunctive Use Options

Potential Evaluated Annual
General Site Loeatlons Source(s) of Water Activity Capacitya (ta)9 Yieldb (taJ9

Region 1

E of Anderson Upper Sacramento River Active recharge 60 15

Region 2 :

SW and W of Orland, Tehama- Upper Sacramento River Active recharge 360 90
Colusa Canal and vicinity

Within Glenn County Groundwater Developable yield N/A 55

Region 3

S of Chico, near Wheatland, Feather and Bear Rivers and Active recharge 280 85
E of Sutter Bypass, and NE of Dry Creek (north of "

Rio Linda Sacramento)

Within Yuba County Groundwater ’ ’ " DeveloPableyield N/A 25

Region 4

NW of Woodland and SW Cache Creek, Sacramento Active recharge 120 30
of Davis (near Dixon), Yolo River
Bypass nearby

Region 5

NE of Gait, SE of Elk Grove, American (using Folsom South Active recharge 400 185
SE of Lodi, and S of Manteca Canal), Cosumnes, Mokelumue,

Calaveras, and Stanislaus Rivers

Region 6

NW of Volta and at Oro Loma Delta-Mendota Canal, Active recharge 275 200
California Aqueduct

Region 7

N of Modesto Stanislaus or Tuolumne Rivers Active recharge 100 20

Region 8

E ofAtwater, NE of Merced, Merced, Chowchilla, Fresno, Active recharge 350 140
W ofLa Vina, and NE of Red Top and San Joaquin Rivers

Region 9

none identified

Region 10

N of Raisin City, S of Kingsburg,    Kings, Kaweah, and Tule Rivers Active recharge unknown!25
S of Hanford, W of Visalia, and
SW of Tipton

Region 11
W of McFarland, and SW of Kern River, California Aqueduct Active recharge 500 50
Bakersfield

a Capacity is taken to be the amount of water that can be recharged and extracted over any area without causing a water level fluctuation of more than 30 feet
compared to historical water levels and has been estimated using a large-scale regional model. Values are not maximums and are used for comparison
purposes.

b Location(s) descriptions are reflective of general areas where active recharge programs were estimated to be feasible. Each reference to a city or town represents a
single site (NW of Woodland a~d SW ,of Davis refers to two potential site areas). Many regions have multiple sites where active recharge is possible.
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CALFED Conjunctive Use Component. CAL- ¯ A permanent sale of a water right by the water
FED is evaluating conjunctive use potential as part of right holder.
its storage component. The CALFED conjunctive usē A lease from the water right holder (who retains
program will not identify specific projects, but will at- the water right), allowing the lessee to use the water
tempt to identify potential for groundwater development under specified conditions over a specified period
and provide technical support to voluntary local con- of time.
junctive use projects. CALFED is defining operatinḡ A sale or lease of a contractual right to water sup-
rules and assumptions in order to evaluate potential water ply. Under this arrangement, the ability of the holder
supply benefits. Storage for conjunctive use is currently to transfer a contractual water right is usually con-
assumed to be 250 taf in the Sacramento Valley and tingent upon receiving approval from the supplier.
500 taf in the San Joaquin Valley. Groundwater with- An example of this type of arrangement is a sale or
drawal and recharge capacities of 500 cfs are being lease by awater agency that receives its supply from
assumed. Groundwater withdrawal is being assumed to the CVP, SWP, or other water wholesaler.
take place only in drought years. Potential water supply One common concern with marketing proposals
benefits of the CALFED conjunctive use program haveis that only real water is sold, and that marketing of
not been quantified at this time. paper water is avoided (see sidebar). The difference is

that real water involves a change in the place and type
Water Marketing of an existing use without harming another legal user

Water agencies are increasingly including market-of water, while paper water might involve sale of water
ing as a component of their future resources mix notthat would not otherwise be beneficially used during
just as a drought management technique, but as athe period of the proposed marketing arrangement.
source of supply in normal water years. It is becomingAnother common concern is third-party impacts as-
increasingly common to see local agency plans with asociated with proposed marketing arrangements. This
menu of marketing alternatives which include one-timeconcern must be addressed as appropriate on a site-
spot transfers, short or long-term agreements forspecific basis for proposed transfers.
drought year marketing, and long-term agreements for For water marketing options identified as likely
average year water marketing, to be implemented, Bulletin 160-98 water budgets

In this update of the California Water Plan, watershow increases in supply for the gaining regions and
marketing may include: reflect corresponding reductions in demand in regions

Feasibility Study for American Basin
Conjunctive Use Project

The Department has completed a feasibility investigationthe number of agencies participating in the project. In the
of the American Basin conjunctive use project. Discussionsfeasibility study, costs of the drought year supply for the SWP
are under way with local project participants and potentiallywere estimated to be on the order of $150/af.
participating SWP contractors. If negotiations are success- The 40-30-30 Index (see description in Chapter 3) would
ful, CEQA/NEPA compliance and permit acquisition wouldbe used to determine when project recharge and recovery
follow, and initial project operation might begin in 2001.would occur. When the index is classified as above normal or
The project area is in southeastern Sutter County, westernwet, project re&arge would occur. Recharge would be ac-
Placer County; and northwestern Sacramento Coun~ Localcomplished by in lieu means, which would require delivery
water purveyors participating in the project could include of SWP water to those in the project area that use groundwa-
South Sutter Water District, Natomas-Central Mutual Wa- ter. Construction of new facilities to deliver SWP water from
ter Company, Pleasant Grove-Verona Mutual Water Com- the Feather River to each project participant’s service area
paW, and Placer County Water Agency. Three of the fourwould be required. When the index is classified as dry or
potential participants a water supply critical, project recovery occur by groundwaterhave surface within the would substi-

project area from either the Bear or Sacramento River sys-tution. Groundwater substitution would involve each district
tems, and one relies on groundwater, forgoing part of its normal surface water supply, by leaving it

As evaluated in the feasibility study, the project could de-in the river for use by others. Reductions in surface water
velop about 55 tafofwater during drought periods to supple- would be supplemented by extracting groundwatersupply

ment diminished SWP surface water supplies, depending onthat was placed in the aquifer system earlier.
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Is That Real Water? downstream users or meets an instream need. Proposals to
The initial rush of enthusiasm for water marketing stimu- market water saved through such drainage reduction can also

lated much discussion about supposedly unused water. Somerepresent paper water.
water users in the State hold rights (statutory or contractual) The California Water Code includes a number of provi-
to more water than they currendy use to meet their needs,sions to regulate and facilitate marketing arrangements (Wa-
Why not sell those rights to others? ter Code Sections 1435, 1706, 1725, 1736, 1810d), as well

Such arrangements looked attractive to both prospective sellersas a"no-injury" clause that prohibits transfers that would harm
and buyers. The sellers would receive payment for something theyanother legal user of the water. This clause is the basis for
were not using, while the buyers would meet urgent water needs,prohibiting sale of paper water.
This view, however, overlooks the fact thatwater to meet the trams- In analyzing water marketing and water conservation pro-
ferred rights has been part of the basin supply all along, and hasposals, the Department uses the terms real water and new
almost always been put to use by downstream water right holderswater to contrast with paper water. Real water is water not
or is supporting an environmental need. This type of marketingderived at the expense of any other lawful user, i.e., water
arrangement became known as a "paper water" deal: the moneythat satisfies the Water Codes no injury criterion. New water
goes to the seller, while the water is sold to the buyer from theis water not previously available, created by reducing irrecov-
supply of an uninvolved third part~, erable losses or outflow to the ocean or inland salt sinks. New

A similar outcome can result from some water conserva-water, by definition, must be real, but not all real water is
tion measures. Changes in irrigation management can reducenew. For example, water made available through land fallow-
drainage outflow that otherwise contributes to the supply of ing is real (because it reduces ETAW), but not new.

from which water is being transferred, if specific par- often considered for marketing are described below:
ticipants have been identified and the options are large Land Fallowing. A potential source of water for
enough to be visible in the water budgets. Presently,marketing is to forgo growing crops in a given area and
the only marketing arrangements that fit this categorymove the water that would have been consumed to a
are those associated with the draft CRB 4.4 Plan. different service area. Although there can be some diffi-

One of the larger potential water marketing pro-culty in quantifying the amount of water made available
grams identified in Bulletin 160-98 is CVPIA waterand its impact on the economy oflocal agricultural com-
acquisition for instream flows and wildlife refuges,munities, land fallowing is a proven demand reduction
Impacts of different levels of supplemental water ac-technique. Land fallowing may be undertaken on ei-
qulsition were described in USBR’s draft CVHA PEIS, ther a permanent basis (land retirement) or only during
which did not identify a preferred quantity of waterdrought periods in various forms of shortage contin-
acquisition. At this time, no long-term purchase agree-gency programs. Drawbacks of fallowing include
ments have been executed---CVPIA supplementalpotential impacts on non-participating third parties.
water acquired to date has been purchased on a year- Crop Shifts. Some of the third party effects offal-
to-year basis. It is not possible to identify how andlowing could be reduced by substituting crops that
where the supplemental water would be obtained inconsume less water for those that would use more. For
the future, or what other water demands might be re-example, safflower might be planted in place oftoma-
duced as a result of CVPIA water acquisition, toes, or wheat in place of corn. The substituted crop is

Sources of Water for Marketing
usually less profitable for the grower, so the potential
buyer provides an appropriate incentive payment. Such

The increased attention to marketing following thearrangements can produce real water savings, but they
1987-92 drought brought clear recognition that waterintroduce a further layer of complexity and uncertainty.
marketing alone does not create new supplies--it is a(For example, how can it be demonstrated that the
process by which supplies developed by other meanshigher water-using crop would really have been planted
are moved to a new place of use. In any water market-in the absence of the arrangement? And, what are the
ing agreement, the reliability of the supply acquired byrelated effects on groundwater recharge and drainage
the transferee depends upon the specific details of thecontributions to downstream surface supplies?) Crop
agreement and the relative priority of the water rightsshift proposals were solicited by the Department for
involved. P0tential sources ofwater that have been mostthe 1991 DWB, but played a limited role. Because
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crop acreage is market driven, the ability to do largetechnique was tested during the DWBs of 1991, 1992,
scale crop shifts is limited. Crop shifts are thus expectedand 1994. Under favorable conditions (where wells and
to have a small role in water marketing, pumps are already installed), it can produce consider-

Water Conservation and Water Reeyellng. able water on relatively short notice. One major concern
Where conservation or recycling options result in realwith groundwater substitution is the potential impact
water savings, conserved water may be available foron neighboring non-participatingpumpers. Substantial
marketing to other users. Recent proposals to marketmonitoring is needed to assure there are no unreason-
conserved water have mostly occurred in the agricul-able third-party impacts. Another consideration with
rural sector, where considerable confusion hasgroundwater substitution is that additional pumping
sometimes resulted over the distinction between re-may induce recharge that depletes usable stream flow.
ducing applied water and producing real water savings.Only that portion of groundwater replenished from fu-
Most of California’s irrigated areas overlie usableture surplus flows is really a new supply. Further
groundwater basins and are linked by networks ofsur-experience will be needed to define the potential of this
face streams and drains. Water leaving one area usuallysource, resolve concerns over impacts on nearby pump-
contributes to the supply of other areas or, in the Cen-ers and regional surface supplies, and explore possibilities
tral Valley, to required Delta outflow. Under suchfor constructing recharge facilities.
conditions, real water savings result by reducing con- Su~eace Storage Withdrawals. Existing reservoirs
sumptive use or by reducing losses to saline sinks, within California have a combined storage capadty of

From a statewide perspective, opportunities forapproximately 40 ma£. These facilities are operated by a
marketing conserved water occur primarily in areaswide spectrum of entities for a variety of water suppl)~
such as the Imperial Valley, where agricultural drain-flood control, power, and recreation objectives. At any
age water flows to the Salton Sea. (Agricultural runoffgiven time, water may be stored somewhere in the sys-
entering the sea supplies the relatively fresher watertern that is not planned to be released, but could be
needed to sustain the sea’s biological resources. Themade available to meet urgent needs, subject to compli-
ability to market conserved water that would other-ance with existing water rights. Such withdrawals come
wise flow to the sea must take into considerationat a price--usually a reduction of power generation or
impacts of such transfer on the sea.) recreational usage, or increased risk of future water sup-

From a local perspective, however, the situationply shortage. Payments to the reservoir owner implidtly
may be different. For example, Sacramento Valley con-include a component to compensate for reduced ben-
servation measures that reduce agricultural drainageefits, increased risk, and other costs. Surface storage
make more water available for use in the conservingwithdrawals are easily quantified and dearly represent
area--but at the expense of downstream users. Localreal water, provided the storage is refilled from future
districts in such areas have substantial incentive to prac-surplus flows. Storage withdrawals played an important
tice conservation to improve the utility of their existingrole in recent transfers; the refill constraints were handled
supplies, but the potential for creating real water forthrough a contract clause whereby reservoir owners
sale to others is limited, agreed to defer refill until a time of future high runoff

Water recycling in coastal urban areas can create newwhen there would be no detrimental effect on other
water, and there is often a potential market for this waterwater users. In the long run, the prospects for such ar-
among other urban users for landscape or tuffirrigation,rangements will tend to diminish as water demands
These sales typically entail multi-jurisdictional partner-increase in the reservoirs’ primary service areas.
ships, since the recycled water is most often provided by

Prospects for Water Marketinga wastewater treatment agency but is distributed or sup-
plied to end users by one or more water agencies.             Water marketing will continue to play a rote in

Groundwater Substitution. Many California meeting California’s water needs, but there will be a
growers have rights and access to surface water sup-continuing shift in emphasis toward systemwide ap-
plies, even though their land may overlie productivepraisal of impacts and growing recognition of the need
groundwater basins. In such cases, a grower may agreeto protect the rights of all lawful water users. Water
to forgo use of surface water rights for a period, substi-marketing programs (and land retirement or fallow-
tuting groundwater instead. The unused surface watering programs that may be used to supply water for
then becomes available for marketing to other users. Thissale) are often controversial in the area where the trans-
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Water Code Section 1810 et seq.
1810. Notwithstanding any other provision of law, nei- (c) "Fair compensation" means the reasonable charges in-

ther the state, nor any regional or local public agency maycuffed by the owner of the conveyance system, including capi-
deny a bona fide transferor of water the use of a water con-tal, operation, maintenance, and replacement costs, increased
veyance facility which has unused capacity, for the period Ofcosts from any necessitated purchase of supplemental power,
time for which that capacity is available, if fair compensationand including reasonable credit for any offsetting benefits
is paid for that use, subject to the following: for the use of the conveyance system.

(a) Any person or public agency that has a long-term wa- (d) "Replacement costs" means the reasonable portion of
ter service contract with or the right to receive water fromcosts associated with material acquisition for the correction
the owner of the conveyance facility shall have the right toof unrepairable wear or other deterioration of conveyance
use any unused capacity prior to any bona fide transferor, facility parts which have an anticipated life which is less than

(b) The commingling of transferred water does not resultthe conveyance facility repayment period and which costs
in a diminution of the beneficial uses or quality of the waterare attributable to the proposed use.
in the facility, except that the transferor may; at the transferor’s (e) "Unused capacity" means space that is available within
own expense, provide for treatment to prevent the diminu-the operational limits of the conveyance system and which
tion, and the transferred water is of substantially the samethe owner is not using during the period for which the trans-
quality as the water in the facility, fer is proposed and which space is sufficient to convey the

(c) Any person or public agency that has a water servicequantity of water proposed to be transferred.
contract with or the right to receive water from the owner of 1812. The state, regional, or loca! public agency owning
the conveyance facility who has an emergency need may uti-the water conveyance facility shall in a timely manner deter-
lize the unused capacity that was made available pursuant tomine the following:
this section for the duration of the emergency. (a) The amount and availability of unused capacity.

(d) This use ofawater conveyance facilityis to be madewith- (b) The terms and conditions, including operation and
out injuring any legal user of water and without unreasonablymaintenance requirements and scheduling, quality require-
affecting fish, wildlife, or other instream beneficial uses andwith-ments, term or use, priorities, and fair compensation.
out unreasonably affecting the overall economy or the environ- 1813. In making the determinations required by this ar-
ment of the county from which the water is being transferred,title, the respective public agency shall act in a reasonable

1811. As used in this article, the following terms shall havemanner consistent with the requirements of law to facilitate
the following meanings: the voluntary sale, lease, or exchange of water and shall sup-

(a) "Bona fide transferor" means a person or public agencyport its determinations by written findings. In any judicial
as defined in Section 20009 of the Government Code with aaction challenging any determination made under this ar-
contract for sale of water which may be conditioned upontide the court shall consider all relevant evidence, and the
the acquisition of conveyance facility capacity to convey the court shall give due consideration to the purposes and poll-
water that is the subject of the contract, cies of this article. In any such case the court shall sustain the

(b) "Emergency" means a sudden occurrence such as adetermination of the public agency if it finds that the deter-
storm, flood, fire, or an unexpected equipment outage im-mination is supported by substantial evidence.
pairingtheabilityofaperson or public agency to makewater 1814. This article shall apply to only 70 percent of the
deliveries, unused capacity.

ferred water would originate because of potential third-on conveyance provided by California’s existing rivers,
party impacts. Mechanisms for evaluation and approvalcanals, and pipelines. Agencies planning to use long-
of water marketing arrangements have been developed,term marketing arrangements as part of their core water
and will likely continue to evolve. For example, USBRsupplies must have access to reliable conveyance for
developed guidelines for implementing sale of CVP wa-these supplies. The California Water Code requires that
ter under CVPIA; the California Water Code directs thepublic agencies make available unused conveyance ca-
Department to facilitate voluntary exchanges and trans-pacity if fair compensation is paid and other conditions
fers of water; and 1992 changes to State law authorizedare met (see sidebar). The CVP and SWP wheel water
water suppliers (local public agencies and private waterfor marketing; only the SWP can convey water from
companies) to contract with water users to reduce or elimi-the Central Valley to the highly urbanized South Coast
nate water use for a specified period of time, and to sellRegion. A long-term Delta f’Lx is necessary for provid-
the water to other water suppliers and users, ing reliable conveyance of acquired supplies across the

The ability to carry out marketing is dependentDelta: Actions that constrain agencies’ abilities to con-
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TABLE 6-6

Sample of Potential Water Purchases (taf)

Average Drought

Drought Water Bank -- 250
CV’PIA Interim Water Acquisition Program 365 365
Zone 7 Water Agency 50 50
Alameda County Water District 15 25
Contra Costa Water District 50 40
Santa Clara Valley Water District 100 100
Westlands Water District 200 200
Metropolitan Water District of Southern California -- 300
San Diego County Water Authority 200 200
Total 980 1,530

vey water across the Delta limit their ability to enterin water agency planning documents to illustrate the
into marketing arrangements, magnitude of purchases being considered.

As more agencies rely on water marketing to bal- The following sections describe some specific wa-
ance future demand and supply, and as severalter marketing proposals. Many local agencies may
large-scale environmental restoration programs beginintend to buy water on the spot market as needed to
acquiring water for fishery and habitat purposes, com-respond to service area demands, but do not have agree-
petition for available water will increase. The availabilityments or defined programs in place at this time.
of water for sale in marketing programs is inherently
limited by the willingness of the existing water rightsDrought Year Marketing

holders to participate in such programs. Table 6-6 Marketlnglnvolvlng 8WP Fadlitles. The DWB
shows a few larger marketing arrangements proposedprogram is a water purchasing and allocation program

that allows the Department to purchase water from
willing sellers and market the water to buyers under
specific critical needs allocation guidelines. The DWB’s
EIR established the bank as a 5 to 10 year program.
Chapter 3 describes past DWB activities. The quanti-
ties and prices of water made available in previous years
through surplus reservoir releases, groundwater sub-
stitution, and land fallowing programs are summarized
in Table 6-7. Past experience suggests that about
250 taf/yr could be allocated in the future through
similar programs; this quantity is used for the future
supplies associated with the DWB.

The Department had proposed a supplemental
water purchase program to increase water supply reli-
ability for SWP contractors. A draft programmatic EIR
for the six-year program originally proposed transfer
of up to 400 taf of water in drought years. The water
would be purchased from willing sellers and provided
to participating SWP contractors. After a number of

Water marketing #ends on the availability of conveyance forpublic workshops, the Department reevaluated the
the transferred water. For example, the East Branch of theprogram and eliminated its groundwater component.
California Aqueduct is the only inter-regional conveyance Without the groundwater component, the maximumfadlity serving rapidly urbanizing areas in the southwestern

supply available for transfer would have been 200 taf/of thecorner Mojave Desert.Availability of aqueductcapadty
would dictate the conditions under which transfers to this area yr. Additional public comments received on the draft
could occur. PEIR raised issues that would need to be addressed
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TABLE 6-7

Drought Water Bank Summary

Source of Drought Water Bank Water (ta~9

Year Purchase Surplus Groundwater Fallowing Total Amount
Price ($/a~9 Reservoir Substitution Sources Allocateda

Storage (ta~9

1991 125 ¯ 147 259 415 821 390
1992 50                         32 161 0 193 159
1994 50 33 189 0 222 174
a Amount allocated for urban, agricultural, and environmental uses. This represents the actual supply developed by the bank after conveyance and fish and

wildlife requirements were met.

in site-specific environmental documents. The Depart- Marketing Involving CVP Facilities. Historically,
ment withdrew the draft PEIR due to the difficulty of users of CVP water have made intra-district, and some-
addressing site-specific concerns in a programmatic en-times inter-district transfers of project supply. The 1992
vironmental analysis and after reevaluating theenactment of CVPIA provided the authority to mar-
potential benefits of the program. The supplementalket project water outside of project boundaries to
water purchase program is not considered as a futurenonproject water users.
water management option in the Bulletin. The San Luis & Delta-Mendota Water Authority,

Semitropic Water Storage District has developedwhich represents 32 urban and agricultural wa.ter dis-
a groundwater storage program with a maximum stor-tricts on the west side of the San Joaquin Valley and in
age capacity of I mafand maximum annual extractionSan Benito and Santa Clara Counties, has developed
of 223 taf. Under this program, a banking partner mayan agreement that will help its members cope with
contract with SWSD to deliver its SWP water or otherwater supply uncertainties. Under a three-way agree-
water supplies to SWSD for in-lieu groundwater re-ment between the authorit~ SCVWD, and USBR,
charge. At the contractor’s request, groundwater wouldparticipating member districts (shortage year provid-
be extracted and delivered to the California Aqueducters) can receive some of SCVWD’s federal water
or would be pumped by SWSD farmers in exchangeallocation in normal and above-normal water years in
for SWP entitlement deliveries. Currently, MWDSCexchange for committing to make available a share of
and SCVWD have long-term agreements with SWSDthe shortage year provider’s federal allocation during
for 350 tar of storage for each district. ACWD has adrought years. The agreement, which does not require
similar agreement for 50 tafofstorage, as does ZTWAany additional exports from the Delta, will be an in-
for 43 taf. There is about 200 taf of capacity availableternal reallocation, of existing federal supplies to allow
for other banking partners and for increased commit-greater flexibility in meeting urban and agricultural
ments by existing partners. Participants are notwater demands.
restricted to SWP contractors, although access to the Specificall),; SCVWD will provide 100 tar of wa-
S ,WP’S conveyance system is necessary. This program,ter within a 10-year period for reallocation by USBR
discussed in more detail in Chapter 8, is considered ato shortage year providers. In exchange, shortage year
marketing arrangement in this Bulletin because of theproviders will provide SCVWD with shortage year
possible exchange of SWSD’s SWP entitlement forprotection. The agreement directs USBRto reallocate
banked SWP water. The cost of recharging and ex-drought year supplies (not to exceed an annual total of
tracting this water is about $175/af. 14.3 tar) so that at least 97.5 tafis delivered to SCVWD

A similar marketing agreement has been reachedin years when the CVP’S urban water deliveries are
byArvin-Edison WSD and MWDSC for up to 350 tar75 percent or less of contract entitlement. As part of
of storage in Arvin-Edison’s groundwater basin. Aboutthe agreement, SCVWD will optimize its use of non-
60 tafwould be withdrawn and deliveredto MWDSCCVP water supplies, which will benefit all CVP
through the California Aqueduct in drought years at airrigation water service contractors in the Delta ex-
cost of about $200/af, exclusive of delivery costs toport service area. Westlands Water District and San
member agencies. Luis Water District have already agreed to become
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shortage year providers; other authority members maybeen implemented. KCWA permanently sold 25 taf/yr
also enter into the agreement over time. of entitlement to MWA and is in the process offinaliz-

CVPIA authorized marketing of project water ing the permanent sale of 7 taf/yr to Z7WA. KCWA is
outside the CVP service area, subject to numerousarranging sale of additional entitlement to CastaicLake
specified conditions, including a right of first refusalWater Agency. As with the SWP, marketing of contrac-
by existing CVP water users within the service area.tual entitlements among CVP contractors is occurring.
As of this writing, no marketing arrangements haveThe CVP drought year reallocation agreement described

above represents a new approach to marketing amongeither been approved or implemented under this pro-
vision. One proposed transfer that had been discussedproject water users.

was between Arvin-Edison WSD and MWDSC. CVPIA Interim Water Acquisition Program.

Marketing Involving Colorado River Aqueduct. Sales of developed supplies for environmental purposes

In its 1996 session, the Arizona Legislature enacted(where the transfer occurs as part of a willing buyer-
willing seller arrangement, and not as the result of alegislation establishing the Arizona Water Bankingregulatory action) are a relatively recent occurrence.

Authority. The Authority is authorized to purchase un-Under the CVPIA supplemental water provisions, USBR
used Colorado River water and to store it inestablished an interim water acquisition program that
groundwater basins to meet future needs. Conveyancewas in effect from October 1995 through February 1998.
to storage areas is provided by the Central ArizonaWater was acquired to meet near-term fishery and ref-
Project. The legislation further provided that the Au-uge water supply needs while long-term planning for
thority may enter into agreements with California andsupplemental water acquisition continued.
Nevada agencies to bank water in Arizona basins, with As provided in the program’s environmental docu-
specific limitations. Under this legislation, future in-mentation, USBR could acquire up to 100 tafannually
terstate banking in Arizona would have a maximumon each of the Stanislaus, Tuolumne, and Merced Riv-
drought year yield of 100 tar. AS described in Chapterers. Acquired water would be used for instream flows
9, federal regulations to implement interstate bankingon the three rivers, and for flow and water quality im-
are being promulgated, provements on the San Joaquin River. The specific

AS discussed and quantified in Chapters 7 and 9,quantities of water to be acquired each year and asso-
a variety of arrangements are being examined as partciated release patterns would depend upon projected
of the development of CRB’s draft 4.4 Plan. Land fal- flow conditions in the individual rivers, and projected
lowing programs could be implemented to provideflow and water quality conditions in the San Joaquin
water for marketing to urban areas during droughtRiver at Vernalis. USBRwould also acquire up to 13 taf
periods, as demonstrated by one test program con-of water annually from the Sacramento and Feather

ducted in the Colorado River Region. In 1992,River Basins for Sacramento Valley wildlife refuges.
Likewise, up to 52 tar would be purchased annuallyMWDSC began a two-year land fallowing test pro-
from willing sellers in the San Joaquin Valley for ref-gram with Palo Verde Irrigation District. Farmers in

PVID fallowed about 20,000 acres of land. The saveduges there.

water, about 93 taf/yr, was stored in Lake Mead for CVPIA AFRP Water Aequlsltion Program.

future use by MWDSC. (The water was subsequentlyUSBR’s 1997 draft PEIS analyzed four alternatives for

released when flood control releases were made fromlong-term acquisition of fishery and refuge waters.
¯ Alternative 1. No water would be acquired to

Lake Mead). MWDSC paid each farmer $1,240 per meet fish and wildlife targets.
fallowed acre, making the costs of the water tō Alternative 2. AFRP water would be acquired an-
MWDSC about $135/af. It is expected that similar nually from willing sellers on the Stanislaus
programs could be implemented in the future by agen- (60 taf/yr), Tuolumne (60 taf/yr), and Merced
cies in the South Coast Region and Colorado River Rivers (50 taf/yr) and on Upper Sacramento River
Region to provide about 100 tafduring drought years, tributary creeks that support spring-run salmon

Every Year Marketing
populations. Acquisition amounts on the tribu-
tary creeks were not quantified in the PEIS.

Permanent Sales. The MontereyAgreement pro- Acquired water would be managed to meet tar-
vides that 130 tafofSWP agricultural entitlement be get instream flows and would also be used to
sold to urban contractors on a willing buyer-willing improve flows in the Delta. The acquired AFRP
seller basis. Several sales of entitlement have already water could not be exported by the CVP or SWP.
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Refuge water supply would be acquired to pro-CVPIA transfers in the water budgets. To the extent
vide the incremental difference between Levelthat the acquired water reduces demands by other water
2 and Level 4 refuge supply requirements. An-users, the water acquisition would have minimal net
nual water acquisition in the Sacramento River,impact on the water budgets.
San Joaquin River, and Tulare Lake Regions Colorado River ~Iarketing Arrangements. Wa-
would be about 30 taf, 80 taf, and 20 taf, re-ter agencies in the South Coast Region will continue
spectively, to pursue programs to offset the reduction in exist-

. Alternative 3. AFRP water would be acquired an- ing supplies resulting from California reducing its use
nually from willing sellers on the Yuba (100 taftof Colorado River water. This subject is covered in
yr), Mokelumne (70 taf/yr), Calaveras (40 taf/yr), detail in Chapter 9. MWDSC and IID have already
Stanislaus (200 taf/yr), Tuolumne (200 taf/yr), andimplemented an agreement to transfer conserved
Merced Rivers (200 taf/yr) and on Upper Sacra- water to urban users in the South Coast Region; a
mento River tributary creeks for instream flows,similar agreement was recently executed by SDCWAAs in Alternative 2, acquisition amounts on the
tributary creeks were not quantified in the PEIS.and IID. Both of these arrangements represent long-

The acquired AFRP water would not be managedterm transfers of core supplies. The next step in

for increased flows through the Delta. Therefore, implementing the IID/SDCWA arrangement is

it could be exported if Order WR 95-6 conditionspreparation of environmental documentation. Once

were met. Refuge water would be acquired to meetimplemented, transferred amounts would increase

Level 4 requirements in the same quantities as de-over time (up to a 75-year term) to a maximum of
scribed in Alternative 2. 200 taf annually. In order to convey the acquired

¯ Alternative 4. AFRP water would be acquired an- water, SDCWA negotiated a wheeling agreement with
nually for instream flow as under Alternative 3. MWDSC for use of capacity in MWDSC’s Colorado
Acquired water would be managed to meet targetRiver Aqueduct.
instream flows and to improve flows in the Delta.
Therefore, the acquired water could not be ex-Water Recycling and Desalting
ported by the CVP or SWE. Refuge water would Water Recycling
be acquired for Level 4 water supplies in the same
manner as described in Alternative 2. The Department, in cooperation with the
To help put the magnitude of these amounts intoWateReuse Association of California conducted a

perspective, the draft PEIS estimates a reduction ofwater recycling survey as described in Chapter 3.
142,000 acres of irrigated agricultural land would beTable 6-8 shows 2020 base level of water recycling
needed to provide CVPIA water acquisitions underand potential future options. These options repre-
Alternative 4, entailing water acquisition costs of upsent potential maximum levels of recycling. Not all
to $120 million per year. Approximately 21,000 acresoptions are expected to be implemented, due to eco-
would be fallowed in the Sacramento River Region,nomic and other considerations.
118,000 acres would be fallowed in the San Joaquin New water supply would be generated by water
River Region, and 3,000 acres would be fallowed inrecycling where the outflow of water treatment plants
the Tulare Lake Region. Since USBR has not yet iden-would otherwise enter a salt sink or the Pacific Ocean.
tiffed a preferred alternative or specific proposals forIn the Central Valley and other inland communities,
transfers, Bulletin 160-98 does not include theseoutflow from wastewater treatment plants is discharged

TABLE 6-8

2020 Level Water Recycling Options and
Resulting New Water Supply (tar)

Projects Total New Water
Water Reeycllng Supply

Base 577 407
Potential options 835 655

Total 1,412 1,062
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TABLE 6-9

Potential 2020 Water Recycling Options
by Hydrologic Region (tar)

Total New Water
Water Recycling Supply

North Coast 15 0
San Francisco Bay 101 91
Central Coast 39 37
South Coast 639 527
Sacramento River 6 0
San Joaquin River 7 0
Tulare Lake 25 0
North Lahontan 0 0
South Lahontan 3 0
Colorado River 0 0
Total 835 655

into streams and groundwater basins and is generallyplants totals about 66 taf annually, a 100 percent in-
reapplied. Recycling of such outflow would not gen-crease since 1990. Common feedwater sources for
erate new water supplies. All new recycled water is desalting plants include brackish groundwater, munici-
expected to be produced in coastal regions--the Sanpal and industrial wastewater, and seawater.
Francisco Ba)~ Central Coast, and South Coast regions.Groundwater recovery currently makes up the major-

Water agencies in the South Coast Region are con-ity of desalting plant capacity, 45 taf/yr. Wastewater
cerned that the lack of future high-quality water fordesalting accounts for 13 taf/yr and seawater desalting
blending supplies, or the cost ofdesalting recycled wa-accounts for 8 taf/yr of total capacity.
ter, could affect implementation of future water Groundwater recovery and wastewater recycling
recycling facilities. Due to extensive use of Coloradowill be the primary uses of desalting in California in
River water and groundwater supplies that are rela-the foreseeable future. (The use of desalting in waste-
tively high in TDS, salt management is an importantwater treatment plants is part of water recycling and is
consideration in marketing recycled water in the re-included in the water recycling section.) Improvements
gion. Salt management options include blendingin membrane technologywill spur considerable growth
Colorado River water and groundwater supplies within these areas, as discussed in Chapter 5. Seawater de-
other sources such as SWP water, or treating (i.e., de-salting is expected to grow very slowly.
salting) the recycled water to reduce its salt content. Groundwater Recovery. High TDS and nitrate
MWDSC and its member agencies and USBR arelevels are common groundwater quality problems.
cooperating in a salinity management study. TheGroundwater recovery programs can be designed
study’s initial phase focuses on identifying problemsto treat mineralized groundwater or groundwater
and salinitymanagement needs of MWDSC’s servicewith nitrate contamination, as shown in the
area. This study is discussed in Chapter 7. examples given in Chapter 5. Currently, most

Table 6-9 shows potential water recycling optionsgroundwater recovery programs under consider-
by hydrologicregion. Two major waterrecyclingpro-ation are located in the South Coast Region
grams being planned are the Bay Area regional water(excluding groundwater recovery solely to
recycling program and the Southern California corn-remediate contamination at hazardous waste sites).
prehensive water reclamation and reusestudy, discussedSome of the polluted water must be treated and
in detail in Chapter 7. some can be blended with better quality water

to meet water quality standards. The potential an-
Desalting nual contribution of groundwater recovery by year

Today; California has more than 150 desalting2020 is about 110 taf, with 95 taf in the South
plants providing fresh water for municipal, industrial,Coast Region. Options are discussed in the regional
power, and other uses. The freshwater capacity of thesechapters.
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Seawater Desalting as a Future Water California is cooperating with the Federal Government in
Management Option a saline water conversion program. The Department of the

Seawater desalting was often viewed with optimism as a futureInterior and the State jointly financed the building of a sa-
water management option for California in the 1950s and 1960s,line water conversion plant in San Diego on a site donated
because of the proximity of the State’s major ~ban areas to thebytheci~y. Capable of producing l million gallons of water a
Paciflc Ocean. Most planningefforrs thenwere focused on studiesday, it was operated for 2 years before being dismantled in
andsmall-scaleorpilotplant demonstradonprojects.Seawaterde-March of l 964 and shipped to Cuba to serve Guantanamo
salting is expected to have only limited application duting the BUl-NavaI Base there. It is being replaced by a joint effort of the
letin 160-98 plannlng hotizon, largely due to its costs.The excerptDepartment [oflnterior] and the California Water Resources
below, taken from a 1965 USGS report entitled Natural ResourcesBoard. The State and the Federal Government are also coop-
of Cali~rnia, describes an early demonstration project. (A 1 rngd erating in the development of a multi-million-gallon saline
plant, operated continuously; would provide 1.1 tafper year.) water conversion plant.

Seawater Desaltlng. The major limitation to sea- Regions, including plans for several large distillation
water desalting has been its high cost, much of whichplants using waste heat from existing thermal power
is directly related to high energy requirements. Seawa-plants in the South Coast Region. The total potential
ter desalting costs typically range from $1,000 toofthe proposed plants was about 123 taf/yr. With the
$2,000/af depending in part on the extent to whichreturn to average water supply years, most of these plans
existing infrastructure, such as brine disposal facilities,have been put on hold. Currently; seawater desalting
is present. With few exceptions, its costs are greateris most favorable as a drought year option. Ifdesalting
than costs of obtaining water from other sources. How-costs are substantially reduced in the future, plant ca-
ever, seawater desalting can be a feasible option forpacity which is surplus to the plant owners in wetter
coastal communities that are not connected to state-water years could be used to produce water for con-
wide water distribution infrastructure and have limitedjunctive use or marketing programs.
water supplies. Because of such circumstances, seawa- MW’DSC’s research distillation plant is the only
ter desalting plants have been constructed in the Citieslarge non-reverse osmosis facility now under study.
of Avalon, Santa Barbara, and Morro Bay. SeawaterMWDSC, in cooperation with the federal government
desalting plants can be designed to operate only dur-and the Israel Science and Technology Foundation, is
ing drought to improve water supply reliabili~, as iscompleting final design of a 12.6 mgd demonstration
the case for Santa Barbara’s desalter, desalting plant to evaluate a future full scale 60 to

During the 1987-92 drought, plans to install and80 mgd seawater desalting plant. The. technology is
operate several seawater desalting plants were underbased on a multiple-effect distillation process which
consideration in the Central Coast and South Coastuses heat energy from an adjacent powerplant. The

Mission Basin Brackish Groundwater
Desalting Research and Development Project

The Mission Basin groundwater desaldng project is antional water supply is expected to be available in year 2000.
exampleofthetypeofdesaltingprojectslikelytooccurwithin The Mission Basin aquifer holds about 92 tar of water.
the Bulletin’s planning horizon. The city anticipates that at least half of its future water sup-

The City of Oceanside owns and operates the Mission Basinply can ultimately be derived from this source. Expansion of
Groundwater DesaltingFacility. Undercurrentoperations, aboutthe Mission Basin Desalting Facility has several important
2.1 taf/yr ofdemineralizedgroundwater supplyis produced frombenefits. It would provide the city with a local source in the
treating brackish groundwater through a reverse osmosis pro-event of a natural disaster, such as an earthquake. In addition
cess. Because of the plant’s successful operation over the pastto reducing the city’s reliance on imported water, the quality
three years, the dty plans to expand its production capacity toof water produced at the desalting facility is better than that
7.1 taf/yr, 22 percent of the city’s average annual demand. Theof the city’s imported source (TDS concentration of 400-
cost of the expansion is estimated to be $9.0 million. The addi-500 mg/L versus 600-700 mg/L for imported water).
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goal is to demonstrate that the multiple-effect distilla-in the upper Middle Fork Feather River Basin, be-
tion process can produce desalted seawater at a cost ofginning in the 1991-92 season. The program was to
less than $1,000/af. If successful, a full scale plant couldtest the use of liquid propane injected into clouds
produce about 85 tar/yr, from generators on a mountain top. The test pro-

gram was terminated after three years due to
Weather Modification institutional difficulties.

’Weather modification (cloud seeding) has beenA 1993 USBR feasibility study for a cloud seed-
practiced in California for years. Most projects haveing program in the watersheds above Shasta and Trinity
been located on the western slopes of the SierraDams indicated potential for the Trinity River Basin,
Nevada and in parts of the Coast Range. Before thebut cast doubt on the effectiveness of a project for
1987-92 drought, there were about 10 to 12 weatherShasta Lake. USBRhadproposedadoudseedingdem-
modification projects operating, with activity increas-onstration program in the upper Colorado River Basin,
ing during dry years. During the drought the numberbut the demonstration program was opposed by the
of projects operating in California had increased toState of Colorado. Presently, USBR is phasing out its
20. Some projects were subsequently dropped and oth-participation in weather modification projects.
ers suspended operations after the drought ended. Cloud seeding is more successful in near-normal

Operators engaged in cloud seeding have found itwater years, when moisture in the form of storm clouds is
benefidal to seed rain bands along the coast and oro-present to be treated. It is also more effective when com-
graphic clouds over the mountains. The projects arebined with carryover storage to take fi.fll advantage of
operated to increase water supply or hy&odectric poweradditional precipitation and runoff. Institutional issues
generation. Although the amounts of water producedassodated with doud seeding programs include daims
are difficult and expensive to determine, estimates rangefrom third-parties who allege damage from flooding or
from a 2 to 15 percent increase in annual precipitation,high water caused by the doud seeding program. Because
depending on the number and type of storms seeded,of the many legal and institutional difficulties surround-

The Department, on behalf of the SW-g, planneding third-party impacts, new doud seeding projects are
a five-year demonstration program of doud seedingdeferred from further consideration in this Bulletin.

Monterey County Water Resources Agency’s
Cloud Seeding Program

MCWRA initiated a cloud seeding program in 1990 to al- The typical interval for cloud seeding in Monterey County
leviate impacts of the drought and has continued the programis from early November through the end of March. The pri-
m a cost-effective way to augment water supplies. MCWRA’s mary target area is the 650 square miles of combined water-
program costs were less than $10/af.. In addition to airborneshed above Nacimiento and San Antonio Reservoirs. To the
seeding, an experimental ground based propane dispenser wasnorth, the Arroyo Seco watershed is a secondary target area.
installed for rainfall enhancement in 1991. The program wasSeeding flights in the early part of the water year cover the
designed to increase rainfall and runoff in the watersheds ofentire area, affecting the reservoir drainage areas and Arroyo
Arroyo Seco (a small undammed tributary of the Salinas River)Seco. This early seeding provides additional mnoffto the res-
and San Antonio and Nacimiento Reservoirs. ervoir system as well as added groundwater recharge in the

Monterey County relies solely on groundwater and io-Arroyo Seco drainage area. Later in the water year when Ar-
cal surface supplies, and faces chronic groundwater overdraftroyo Seco flows have reached the confluence with the Salinas
and seawater intrusion. The areas semiarid, Mediterranean-River, flights are rerouted to concentrate the seeding effect
style climate provides only marginally sufficient rainfall dur-on the reservoirs.
ing average years to aquifer The five-year program has experienced varying degreessustainreservoir releasesfor
recharge during the summer months. Furthermore, the oc-of success in terms of providing additional water supply. Usu-
currence interval and typical productivity of weather systems ally the wetter the storms, the greater the moisture available
passing over the central coast are such that soil mass onlyfor conversion to precipitation and the more productive the
reaches saturation near the end of the rain event, and theseeding. Overall, evaluations show that rainfall increased about
weather system moves on prior to the occurrence ofsubstan-twenty percent above norma! for the five-year study period.
tial runoff. Cloud seeding, in most cases, provides additionalAccording to MCWRA, no known adverse environmental
rainfall that converts directly into runoff, effects have occurred as a result of the project.
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Other Supply Augmentation Options companywas granted_Alaska’s firstwater-export permit

This section discusses several other methods toin 1996. When shipping facilities and a bottling plant

augment water supplies. These options are conceptual,are built, the company will begin shipping 390 af/yr of

or have not yet been widely practiced. Hence, they areAlaskan water to China using tankers, retrofitted to food

deferred from further evaluation in this Bulletin. grade cargo. The water is to be bottled in a plant to be
built by the company and the Chinese government. The
City of San Diego is considering a marine transport

Importing Waterjgom Out of State demonstration project, where a private companywould
Constructing an undersea pipeline, towing watertransport up to 20 taf/yr of water from British Colum-

in giant nylon bags, shipping water by tanker, and tow-bia to the City of San Diego using tankers. The
ing icebergs have all been suggested to help augmentdemonstration project, if implemented, could provide
California’s water supply by importing water from outcost and technical data on bulk tanker shipping of wa-
of state, ter. The U.S. Ocean Pollution Act of 1990, which

The idea of constructing an undersea pipeline torequired phasing out single-hulled oil tankers, presented
carry fresh water from Alaska to California was studiedan opportunity to make tankers available for conver-
three decades ago and was last revisited in 1991. As pro-sion into bulk water carriers at reduced costs. Tanker
posed, a 2,600 mile-long suboceanic pipeline would behaulage could provide a flexible delivery system for
constructed along the coastline. The pipeline would beemergency supply of water for coastal areas in the event
sized to carry about 3 maf/yr of Alaskan water from the of earthquakes or droughts.
Stikine and/or Copper Rivers, and would terminate ei-
ther at Shasta Lake or in Southern California. AGray Water
preliminary study estimated that the project would cost Some residential wastewater can be directly re-
between $110 andS150 billion and take at least 15 yearsused by homeowners as gray water. Gray water canto complete. A feasibility study by the Congressional

be used in subsurface systems toirrigate lawns, fruitOfiqce of Technology Assessment concluded that huge
costs and unanswered engineering problems made thetrees, ornamental trees, and shrubs and flowers (in

finite amounts, depending on the plant types beingidea of building an undersea pipeline unrealistic,
irrigated). Water from the bathroom sink, washingA proposal to fill giant floating nylon bags with

water and tow them from Alaska to California hadmachine, bathtub, or shower is generally safe to re-

been suggested in the past. During the height of theuse. Care must be taken so that people and pets do
not come in contact with gray water. Food irrigated

most recent California drought, a California companyby gray water subsurface systems should be rinsedsought investors to finance a test run. The water would
and cooked before being eaten.be filtered, chlorinated, and then loaded into floating

Gray water has been used by some homeownersbags (the bags float because fresh water is lighter than
in coastal urban areas during extreme drought to savesalt water). An ocean-going tugboat would tow the bags
their landscaping. In the past, health concerns and lack(each holding about 220 af) along the coast. This pro-
of information limited use of gray water. In 1992, theposal did not go forward. In 1996, a privately developed
Legislature amended the Water Code to allow graywater bag delivery system was tested on a pilot scale
water systems in residential buildings subject to ap-when two bags of 2.4 af each were towed from Port
propriate standards and with the approval of localAngeles, Washington, to Seattle. Some problemsjurisdictions. There appears to be limited interest inemerged in the test run. If implemented at a full scale,

costs associated with this option would include towing,exploring gray water as an option beyond listing its

constructing, operating, and maintaining the loading/
use as a potential urban BMP.

unloading docks and pumps to transfer the bagged wa-
ter ashore to local treatment and distribution systems.Watershed~lanagement on NationalForest Lands

Shipping water by.tankers appears to be the most National forest lands provide about half of the
feasible of the water importation options suggested.State’s runoff. A Department study of vegetation
Marine transport is a proven alternative to land-basedmanagement found that thinning trees and shrubs from
pipelines in the oil industry. A Canadian company is33,000 acres of foothill watershed above Lake Oroville
now arratiging to ship water to China via tankers. Themight increase average annual runoff by 2.5 taf.. USFS
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estimates that if national forest management as practicedHence, research programs to investigate and develop
during the 1980s had been practiced earlier, the averageforecasting capability would most appropriately be
annual runoff from national forests would have been in-conducted at the national level. The National Weather
creased by about 360 tar(an increase of about 1 percent).Service routinely issues 30 and 90 day forecasts; the
Without new storage facilities, only a fraction of thisScripps Institution of Oceanography in San Diego
amount would contribute to water suppl)~ (until recently) and Creighton University in Omaha,

Forest management proposals prepared on behalfNebraska, make experimental forecasts. The predic-
of the biomass power industry call for removing excesstions have not been sufficiently reliable for water project
dead material and invasive species from the forest un-operation. Predictions may be improved by research
derstory and thinning of the trees themselves. Treeon global weather patterns, including the H Nifio
thinning would produce fuel for the biomass powerSouthern Oscillation in the eastern Pacific Ocean.
industry. These proposals attempt to return forests to
their pre-fire exclusion condition, achieving wildfire
reduction and wildlife and water supply benefits. FromSummary of Statewide Supply

a water supply perspective, extensive areas of landAugmentation Options

would have to be managed to increase statewide water The preceding sections evaluated statewide water
supplies. The maximum rate of forest evapotranspira-management options, including demand reduction
tion is reached at about 65 percent tree and shrub covermeasures and large-scale water supply augmentation
density. To achieve water savings, it would be neces-measures that would provide supply to multiple ben-
sary to thin trees and shrubs to reduce cover to lesseficiaries. Demand reduction and water recycling
than 65 percent, requiring detailed evaluation of po-options are shown in the regional option tabulations
tential environmental impacts. Watershed managementin Chapters 7-9, since these options would be imple-
would require ongoing treatment of forest vegetationtaunted by individual local agencies in their service
to prevent loss of water yield due to regrowth of treesareas. Table 6-10 summarizes options likely to be imple-
and shrubs, taunted by 2020 to meet statewide needs. Because these

Currently, no local water agencies are actively pur-statewide options would provide new water, the up-
suing forest management as a component of their futureportunity exists for the options’ effectiveness to be
supply. The potential environmental impacts and in-multiplied through regional reapplication. Therefore,
stitutional difficulties of establishing a forestthe options would provide regional applied water gains
management program suggest that it would be carriedthat are greater than the gains shown in Table 6-10.
out as part of a multipurpose program whose main

CALFEDobjectives would be timber management or fire sup-
pression rather than water supply. Statewide options include actions that could be

taken by CALFED to develop new water supplies. The
Long-Range Weather Forecasting water supply yield shown for the CALFED Bay-Delta

Accurate advance weather information--extend-program’s preferred alternative is necessarily a place-
ing weeks, months, and even seasons ahead wouldholder, as a final program environmental document
be invaluable for planning all types of water opera-for the Bay-Delta solution has not been completed.
tions. Had it been known, for instance, that 1976 andThe CALFED placeholder does not address specifics
1977 were going to be extremely dry years, or that theof which upstream of Delta storage facilities might be
drought would end in 1977, water operations couldselected, or how conjunctive use programs might be
have been planned somewhat differently and the ira-operated. The placeholder assumes dual Delta convey-
pacts of the drought could have been lessened..Theance (Alternative 3)and approximately3 mafofstorage
response to the 1987-92 drought could have beenfacilities, with 1 mafofthis storage dedicated for envi-
modified to store more water in the winter of 1986-ronmental uses. Project yield and operating criteria
87 and to use more of the remaining reserves in 1992,were defined by a DWRSIM operations study. The
the last year of the drought. CALFED placeholder used for Bulletin 160-98 quan-

The potential benefits of dependable long-rangetification of potential CALFED new water supply does
weather forecasts could be calculated in hundreds ofnot include water use efficiency measures proposed in
millions of dollars, and their value would be national,a technical appendix to CALFED’s March 1998 draft
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TABLE 6-10
Statewide Supply Augmentation Options Likely to be Implemented by 2020a

Option~                                          Potentt’al Gain (taI9
Average                         Drought

CALFED Bay-Deka Program 100 175
SWP Improvements

Interim South Delta Program 125 100
Conjunctive Use Programs -- 55

Water Marketing (Drought Water Bank) -- 250
Multipurpose Reservoir Projects

Auburn Dam 620 370
Friant Dam Enlargement 90 0

Total 935 950
a Demand reduction options are shown in the regional option tabulations in Chapters 7-9. Demand reduction options would be implemented by individual

local agencies in their service axeas.

PEIS/PEIR, because the CALFED operations studiesoperating Auburn, would presumably be a participant.
used to quantify program water supply benefits didThe implementing entity could be a partnership of some
not incorporate those demand reductions, combination of federal/State/local agencies.

Other 8tatewide Options Allocating Options Yield Among Hydrologic

Other likely statewide options include specificRegions

projects to improve SWP water supply reliabili~ wa- In Tables 6-11 and 6-12, yields from likely st~te-
ter marketing through the Department’s DWB, andwide supply augmentation options were allocated
two multipurpose reservoirs. A third potential multi-among potentially participating hydrologic regions
purpose reservoir option, an enlarged Shasta Lake, wasto illustrate how the supplies might be used. Poten-
not induded as a likely option because further studiestial supply from a Friant Dam enlargement was
are neededto quantify the water supply and flood con-shown as remaining in the San Joaquin River and
trol benefits associated with different potential reservoirTulare Lake Regions, where existing Friant supplies
sizes. Preliminary studies suggest that a 9 mafenlarge-are used. For Auburn Dam and CALFED, supply
ment of Shasta Lake would yield 760 taf in averagewas divided among hydrologic regions served by
years and 940 tafin drought years. Additional evalua-CVP and SWP facilities. Auburn could also pro-
tion of this option is recommended, vide supplies for foothill communities that are too

The two multipurpose reservoir projects includedsmall to develop projects on their own, as discussed
as statewide options - Auburn Reservoir and enlargedin Chapter 8. (In neither option is it assumed that
Millerton Lake (Friant Dam)--were included as likelythe CVP or SWP would contract for the supply--
options to’recognize the interrelationship between wa-only that conveyance facilities exist to make the
ter supply needs and the CentralValley’s flood protectionwater available to potential users.) The Bulletin
needs. It is recognized that both projects may have con-makes no attempt to allocate costs of these projects
troversialaspects and that neither ofthemis inexpensive,between flood protection and water supply.
However, both projects offer enough benefits to justify
serious consideration. The lead time for planning andUncertainties in the Bulletin Planning Process

implementing any large reservoir project is long, and it Planning about the future is subject to uncertainty.
would take almost to this Bulletin’s 2020 planning ho-In response to public comments, this section briefly
rizon for the projects to be constructed, analyzes the effects of some uncertainties on the short-

The identity of the spedfic entity(ies) that mightage forecasts and potential options presented in
implement the two multipurpose reservoir projects isBulletin 160-98.
uncertain. USBR, as the owner of the existing Friant Water use forecasts rely on assumptions about popu-
Dam and as the federal agency having authorization forlation growth, urban per-capita water use, land use and
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TABLE 6-11

Likely Statewide Supply Augmentation Options by Hydrologic Region
2020 Average Year (taf)

Region CALFED ISDPa Conjunctive D WBb Auburn Friant Total
Usea,b Dam Dam

North Coast .......
San Francisco Bay -- 8 .... 8
Central Coast 2 1 -- -- 2 -- 5
South Coast 15 68 -- -- 67 -- 150
Sacramento River .... 85 -- 85
San Joaquin River ..... 39 39
Tulare Lake 70 35 -- -- 310 51 466
North Lahontan .......
South Lahontan 12 10 -- -- 152 -- 174
Colorado River 1 3 -- -- 4 -- 8
Total 100 125 -- -- 620 90 935
a SWP Improvements
b The options provide only drought year supplies

cropping patterns, and environmental water require-ture, both are long-term programs that will be imple-
ments. Environmental water requirements are the mostmented in phases; some phases may extend beyond
difficult to forecast, as they are driven by regulatory andthis Bulletin’s planning horizon.
legislative processes. Implementation of CVPIA and To illustrate the effects of uncertainties on the
SWRCB’s Bay-Delta Plan, new ESA restrictions, andBulletin’s water budgets, maximum and minimum ap-
FERC relicensing/electric utility deregulation are actionsplied water shortages associated with potential
that could significantly modify forecastedenvironmen-implementation of SWRCB’s Bay-Delta water rights
tal demands with the Bulletin 160-98 planning period,proceeding and CALFED are shown in Table 6-13.

In addition to forecasting water demand com-For comparison, the Bulletin’s forecasted 2020 applied
ponents, the Bulletin must also characterize futurewater shortages are 2.4 mafin average years and 6.2 af
water management options. The CALFED Bay-Deltain drought years with existing facilities and programs.
program and the draft CRB 4.4 Plan are still in de-As discussed in earlier chapters, there are no data avail-
velopment. These programs have been representedable at this time to quantify site-specific impacts of
by placeholder throughout the Bulletin. Even if finalnew ESA listings, FERC relicensing, and electric util-
decisions on the programs were made in the near fu-ity deregulation.

TABLE 6-12

Likely Statewide Supply Augmentation Options by Hydrologic Region
2020 Drought Year (taf)

Region CALFED ISDPa Conjunctive D WB Auburn Frlant Total
Use* Dam Dam

North Coast .......
San Francisco Bay -- 7 18 75 -- -- 100
Central Coast 4 1 -- 51 i -- 57
South Coast 26 54 22 3 39 -- 144
Sacramento River .... 51 -- 51
San Joaquin River .......
Tulare Lake 123 28 -- 51 185 -- 387
North Lahontan .......
South Lahontan 21 7 15 70 91 -- 204
Colorado River 1 3 -- -- 3 -- 7
Total 175 100 55 250 370 -- 950
a SWP Improvements
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........... .... ~ SWRCB’s water rights proceeding, flow Alternative 5
~ in SWRCB’s draft EIR was used to determine the

maximum shortage; flow Alternative 6 was used to
compute the minimum shortage. Under flow Alterna-
tive 5, Bay-Delta standards would be met through
monthly average flow requirements established for each
of the major watersheds tributary to the Delta. Under
flow Alternative 6, Bay-Delta standards would be met
solely by operation of the CVP and SWR Flow objec-
tives at Vernalis on the San Joaquin River would be
met by the CVP through releases from the Delta-
Mendota Canal via the Newman Waterway into the
San Joaquin River.

Several large-scale environmental restoration programs are
just beginning. These programs may entail slgnificant
acquisition of agrlcultural land and its conversion to habitat
uses, as well as exteusive water acquisltlon for environmental
purposes. It is too soon to be able to quanti~ their water use
impacts! these are among the uncertalnt~es that must be
resolved over time.

Bulletin 160-98 assumes SWRCB’s Order WR 95-
6 as the prevailing Bay-Delta standard, with the CVP
and SWP meeting the standards under the terms of theImplementation ofany of the futare water management
Bay-Delta Accord. The alternatives contained inoptious disenssed in the Bulletin would be subject to
SWRCB’s draft EIR for the water rights proceedingcompleting appropriate environmental documentation and
would broaden the responsibility for meeting standardsobtaining the required permits and approvals, including

to include additional Central Valley water users. Do-compliance with ESA requirements. The Tipton Kangaroo
rat, listed as endangered under both ESA and CESA, is an

ing so can entail different flow regimes in Valley andexample of a listed species found in parts of the San Joaquin
Delta waterways, resulting in changes in water sup-Valley where groundwater conjunctive use projects might be
plies. To capture the effects of uncertainties ofplanned.

TABLE 6-13

Effects of Alternative Assumptions on 2020 Applied Water Shortages (taf)

Applied Water Shortage Range

Region                           Average                                     Drought

North Coast 0 194
San Francisco Bay 0-13 276-295
Central Coast 172-176 270-276
South Coast 944-1,053 1,270-1,441
Sacramento River 0-85 739-989
San Joaquin River 63-122 711-769
Tulare Lake 264-1,027 1,619-2,071
North Lahontan 10 128
South Lahontan 270-285 303-325
Colorado River 147-149 157-162
Total (rounded) 1,870-2,920 5,670-6,650
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For CALFED implementation, the Bulletin’smaximum shortage condition results from a~suming
placeholder assumes dual Delta conveyance (Alterna-that no new water supply is provided by CALFED (no
tire 3) and approximately 3 mafofsurface water storagestorage facilities are constructed). The minimum short-
facilities. Project yield and operating criteria were de-age results from assuming approximately 6 maf of
fined by an operations study which assumed that 1surface and groundwater storage. (CALFED’s assump-
maf of new storage would be operated to meettion for this scenario is that 1.25 maf of new storage
CALFED’s ecosystem restoration program targets. Thewould be operated to meet ERP targets.)

Options for Future Environmental Habitat Enhancement

A number of programs designed to restore and/annually, and water acquisition. Water acquisition el-
or enhance environmental resources are in variousforts were described in the water marketing section of
stages of implementation. These programs vary inthis chapter. Tools available to meet CVPIA~s broad goal
scope, geographic region, and objective.Some of theseof doubling anadromous fish populations in the Cen-
programs provide environmental water supplies; oth-tral Valleyindude the many physical habitat restoration
ers involve structural measures, such as placingactions specified in the act, as well as substantial fund-
spawning gravel or constructing fish screens. Someing from the CVPIA Restoration Fund and from general
of these programs are legislatively driven; others havecongressional appropriations.
resulted from collaborative efforts among stakehold- USBR and USFWS have contributed funding for
ers. Table 6-14 illustrates the emphasis now beinglocal agency and privately owned fish screen installa-
placed on environmental restoration actions, by iden-tion projects and planning studies as part of the
tifying a variety of funding sources available for anadromous fish screening program. About 20 grants
flshery-related environmental restoration actions,

have been executed to date for screening projects andThis section identifies and describes programs ex-
pected to provide future environmental benefits. Thisfeasibility studies of screening alternatives. Examples

of completed and pending projects are described insection covers a representative sample, and is not
meant to be a comprehensive listing of all possibili-Chapter 5. USBR and USFWS have completed two

ties statewide, spawning gravel replenishment projects on the Sacra-
mento River below Keswick Dam. Additional projects

Central Valley Project Improvement Act    are being planned for the other rivers authorized in

Some CVPIA environmental restoration actions,the act. The grave! replenishment actions are analo-

such as water acquisition, and fish screening, are appli-
cable to the entire Central Valley. Site-specific projects,
such as construction of the Shasta Dam TCD, are de-
scribed in Chapters 7-9.

The May 1997 draft Anadromous Fish Restoration
Plan proposed habitat restoration acdons such as spawn-
ing gravel placemer~t and stream channel restoration,
acquisition of land for wildlife habitat, construction of
fish screens and facilities to improve passage of migrat-
ing anadromous fish, and development of plans to
prevent habitat degradation due to sedimentation and
urbanization. The plan also included target instream
flows for rivers and streams in the Central Valley and
the Delta. The three tools available for USBR to meetRestoringandenhandngriparlanhabitathelpssustainhealthy
these flow objectives are reoperation of the CVI~, dedi-popula~ons of the spedes that rely on this habitat. Beavers are
cation and management of 800 taf of CVP yieldan exampl~ ofa spedes depwad~nt on riparian habitat.
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TABLE 6-14

Environmental Restoration Funding

Program and Projects/Program Funded Authorizing Funding Source Funding
Responsible Selection Criteria Legislation or Allocation

Ageneles Agrewment

Program: Projects/Program Funded: This program funds environmental restorationCVPIA Congressional Varies (actual
CVPIA actions ~ontributing to the goal of doubling natural production of anadromous appropriations from expenditures:
Anadromous Fish fish in Central Valley rivers and streams. The program gives first priority to CVPIA Restoration federal FY 1995,
Restoration which and natural channel and habitat values Fund and and $0.8 million; FYProgram measures protect restore riparian Energy

through habitat restoration actions; augment river and stream flows; and Water Development 1996 $1.4 million)
Responsible implement supporting measures mandated by CVPIA Section 3406(b). Fund
Agencies: USBR
and USFWS Selection Criteria: None specified in statute.

Program: CVPIA Projects/Program Funded: This program funds environmental restorationCVPIA General obligation $93 million
(State cost-sharing projects with mandatory State cost-sharing under CVPIA Section 3406. bonds
program) Proje.cts include the Shasta Dam temperature control device, Red Bluff Proposition 204

Diversion Dam fish passage actions, spawning gravel restoration projects, and1994 State-federal
Responsible fish screens, cost-sharing agreement
Agencies: DWR
and DFG, in Selection Criteria: Projects must be capital outlay actions with mandatory
coordinationwith State cost-sharing under CVPIA. California and the United States have
USBR and executed a master cost-sharing agreement covering crediting and transferring
USFWS funds for the restoration actions.

Program: Projects/Programs Funded: Nonflow related projects to protect and improveBay-Delta Accord Proposition 204, local Proposition 204
Category III Bay-Delta ecological resources, water agency provided $60
Program contributions, million for State

congressional contribution.
Responsible Selection Criteria: Selection is based on RFP process, appropriations
Agencies:
CALFED agencies



TABLE 6-14
Environmental Restoration Funding (continued)

Program and Projects/Program Funded Authorizing Funding Source Funding
Responsible Selection Criteria Legislation or Allocatlon

Agencies Agreement

Program: Projects/Program Funded: To be determined, but could include fish screens,    Proposition 204General obligation $390 million
CALFED spawning gravel restoration projects, and riparian habitat enhancement bonds
Ecosystem projects. The funds are not available until an EIR/EIS and a State-federal cost-
Restoration sharing agreement are completed.
Program

Selection Criteria: To be determined.

Responsible

CALFED
agencies

Program: Projects/Program Funded: Fish screens, rearing striped bass, gravel Agreement between the SWP funds $15 million for fish
Delta Pumping restoration projects, hatchery and other actions to benefit aquatic resources,Department and DFG administered by the population recovery
Plant Fish particularly salmon and striped bass. Geographic scope includes the Centralto offset direct fish Department program, and
Protection Valley and the Delta. losses in relation to additional annual
Agreement Banks Pumping Plant, funding to
(Four-Pumps Selection Criteria: Actions that benefit aquatic resources, particularly chinookdated December 1986 compensate for-
Agreement) salmon, steelhead, and striped bass. Priority will be given to measures on the annual fish losses

San Joaquin River system. The Department and DFG staff review project caused by the Banks
Responsible proposals and submit them to an advisory committee composed of Pumping Planta

Agencies: DWR representatives from SWP contractors and the environmental and fishing
and DFG communities. Recommendations are presented to the directors of the

D, epartment and DFG for approval.

Program: Projects/Program Funded: This agreement between DFG and USBR Tracy Fish Agreement Congressional Approximately $1
Tracy Fish implements measures to reduce, offset, or replace direct losses of chinook between USBR and appropriations for million per year.
Agreement salmon and striped bass in the Delta as a result of Tracy Pumping Plant DFG, dated June 1992 operations and USBR has provided

diversions, maintenance of CVP, funding totaling
Responsible administered by USBR $6.5 million during
Agencies: USBR Selection Criteria: A committee composed of representatives from USBR, 1992-97
and DFG DFG, and USFWS screens project proposals. Projects are funded upon

recommendation by DFG Director to USBR.



TABLE 6-14
Environmental Restoration Funding (continued)

Program and Projects/Program Funded Authorizing Funding Source Funding

Responsible Selection Criteria Legislation or Allocation

Agencies Agreement

Program: Projects/Program Funded: Projects to restore salmon populations throughFish and Game Code Annual stamp fee Total annual
Commercial habitat restoration and breeding, and projects which provide public educationSections 7860-7863 which ranges from $85 revenue varies from
Salmon Stamp on the importance and biology of salmon. Examples of eligible restoration that impose a stamp fee to $260 depending on $340,000 to just
Account projects include spawning gravel restoration, bank stabilization, riparian on commercial salmon salmon landing over $1 million.

revegetation, fish passage improvement, installation of fish ladders and screens,fishers, as well as
Responsible and short-term salmon breeding, commercial passenger
Agency: DFG salmon fishing vessel

Selection Criteria: Projects are evaluated based on benefits to fishery operators
resources, need for work in a particular watershed for target species, and project
costs. Project proposals are evaluated and prioritized first by DFG. Projects for
salmon habitat restoration and breeding are sent to the Commercial Salmon
Trollers Advisory Committee. There are two subaccounts in the program--a
commercial salmon stamp dedicated account, and an augmented salmon stamp
dedicated account. The commercial salmon stamp dedicated account is
statutorily directed to salmon breeding. Expenditures from the other account
must meet the recommendations of the advisory committee. Final funding
decision is by the Director of DFG.

Program: Projects/Program Funded: Projects to restore and enhance salmon streams,Proposition 70 of General obligation see footnote
California and wild trout and native steelhead habitat. 1988b bonds
Wildlife,
Coastal and Selection Criteria: Similar to salmon stamp program. Project proposals are
Park Land initially reviewed by DFG and then sent to the Commercial Salmon Trollers
Conservation Advisory Committee and to the Proposition 70 subcommittee (a six-member
Initiative group representing the Commercial Salmon Trollers Advisory Committee and
(Proposition the California Advisory Committee on Salmon and Steelhead Trout) for
70) funding consideration. Final approval for funding is by the Director of DFG.

Responsible
Agency: DFG

Generally, the $15 million funds projects with long-term benefits to fish, while the annual account funds projects to replace fish lost annually at the pumping plant. By 1996, the Department had allocated all of the $15 million and
had spent about $6 million in annual mitigation projects.
State FY 1997-98 was the last year of funding under Proposition 70. DFG received $10 million to restore and enhance salmon streams, and $6 million to restore and enhance wild trout and native steelhead habitat and related
projects.
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gous to an operations and maintenance program, whereCategory I I | Program
work would be done periodically on river segments The Category nI fimding program was established as
identified as needing more gravel. A monitoring pro-part of the 1994 Bay-Delta Accord to address non-flow
gram would be required, both to identify areas thatfactors affecting the health of the Bay-Delta ecosystem. A
are gravel-limited and to evaluate the effectiveness ofsteering committee of~’icultural, urban, and environmen-
the gravel provided, tal stakeholders administered the project selection process

TABLE 6-15
Sample Projects Funded by Category III Program

Project / Program Proponent Category III Funds

Battle Creek Restoration DFG $730,000
Durham Mutual Fish Screen and Fish Ladder Durham Mutual Water Company up to $416,500
M&T/Parrott Pump Relocation and Fish Screen Ducks Unlimited, Inc. $ !,550,000

Biologically Integrated Orchard Systems Program Comm. Alliance w/Family Farmers Fnd. $660,000

Sacramento R. Habitat Restoration (Colusa to Verona)Wildlife Conservation Board $400,000
Suisun Marsh Screening Project Suisun Resource Conservation Dist. up to $950,000

Sacramento River Winter-Run Broodstock Program Pacific Coast Fed. of Fishermen’s Assoc. $300,000
Western Canal Water District Butte Creek Siphon WCWD $2,739,000
Prospect Island Restoration DWR up to $2,535,000

Sacramento R. Habitat Restoration (Verona to Collinsville)DWR/The Reclamation Board $500,000
Princeton Pumping Plant Fish Screens Redamation District 1004 $75,000
Princeton-Codora-Glenn/Provident ID Fish Screen PCGID/PID $5,575,000
Cosumnes River Preserve (Valensin Acquisition) The Nature Conservancy $1,500,000
Lower Butte Creek Habitat Restoration The Nature Conservancy $130,000
Sherman Island Levee Habitat Demonstration DWR up to $480,000
Ecological Functions of Restored Wetlands in the DeltaUniversity of Washington $475,000
Molecular Genetic Identification of Chinook Salmon Bodega Marine Laboratory $450,000
Runs, Focused on Spring-Run Integrity
Decker Island Tidal Wedand Enhancement Port of Sacramento $399,000
Yolo Bypass Habitat Restoration Study DFG $226,000
Clear Creek Property Acquisition Assistance BLM up to $211,000
Research Program to Address the Introduction of San Francisco Estuary Institute $197,000
Non-Indigenous Aquatic Species

Sacramento River and Major Tributaries Corridor MappingCalif. State University, Chico $145,200
Fish Screen for Unscreened Diversion on Yuba R. Browns Valley Irrigation District $114,750
Effects of Toxics on Central Valley Chinook Salmon Fox Environmental Management $110,000
Barrier Intake Screen at Wilkins Slough Diversions Reclamation District 108 $100,000
San Joaquin River Main Lift Canal Intake Banta-Carbona Irrigation District $100,000
Channel Fish Screen Facility

Adams Dam Fish Screen and Fish Ladder Rancho Esquon Partners up to $100,000
Gorrill Dam Fish Screen and Fish Ladder Gorrill Land Company up to $100,000
Fish Screen Testing for Small Unscreened Diversions Buell and Associates $90,000
Watershed Management Strategy for Butte Creek Calif. State University, Chico $83,000
Establish Battle Creek Watershed Conservancy Western Shasta Resource Consv. Dist. $50,000
Inventory of Rearing Habitat for Juvenile Salmon Calif. State University, Sacramento $24,500
Total $21,515,950
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in 1995 and 1996. During this period, the program funded probability of additional introductions.
32 restoration projects, including land acquisition, fish̄ Acquiring land or water from willing sellers for
screening, habitat restoration, and a toxicity study. In ecosystem improvements.
1997, CALFED became the lead agency for imple-¯ Providing incentives to encourage environmentally
menting the Category III program. Program funding friendly agricultural practices.
sources include $10 million per year (for 3 years)from Congress authorized $430 million over the next
water users and $60 million from Proposition 204three years for the federal share of CALFED programs
funding. The Ecosystem Roundtable, a subcommitteesuch as Category III and initial implementation of the
of the Bay-Delta Advisory Council, provides input onERP, and appropriated $85 million for federal fiscal
selection of Category III projects. Table 6-15 is a sam-year 1998. Proposition 204 also included $390 mil-
pling of projects fund°ed through 1997. Often, projectslion for implementation of the ERE. This funding will
that receive part of their funding from the Categorynot be available until after CALFED’s PEIR/EIS has
III program are also funded in part by CVPIA’s AFRP, been completed.
the 4-Pumps program, or other restoration programs. CALFED operations studies, in addition to rood-

The Prospect Island restoration project is an ex-eling storage and conveyance elements, also model
ample of a project funded by Category III. ProspectCALFED’s ecosystem restoration common progeam
Island, an approximately 1,600-acre tract in theelement through specification of ERP environmental
Delta, has a project area of about 1,300 acres in ag-flow targets. In the operations studies, water supplies
ricultural land use. The project’s objectives are torequired to meet ERP flow targets are provided from
create wetland and shaded riverine aquatic habitat,new storage facilities dedicated to environmental res-
restore fish and wildlife habitat, and decrease main-toration. Water acquisitions from willing sellers are
tenance costs for the Sacramento Deepwater Shipassumed to fully meet flow targets when sufficient flow
Channel levee. Actions include flooding the inte-is unavailable from environmental storage releases.
rior of the island to create small internal islands, The ERP oudines several environmental flow ob-
stabilizing existing levees by flattening the slopes,jectives to support sustainable populations of plant and
and planting vegetation to provide erosion control.
The project is sponsored by USACE (under WRDA

animal species in the Bay-Delta. The ERP identifies
monthly and 10-day flow event targets for Delta out-

Section 1135 authority)and the Department. USBRflow and for many of the river basins within thepurchased the project site with CVPIA funds in
1995. After restoration is complete, USFWS will

Bay-Delta watershed. As a simplification, CALFEDop-

manage the property in conjunction with the nearbyerations studies focus on flow targets on the Sacramento

Stone Lakes National Wildlife Refuge. Category IIIRiver at Freeport. (The Freeport flow target is the most

has established an endowment fund of $1.25 mil-significant in terms of total instream flow volume.)

lion for long-term project maintenance. Instream flow targets not modeled by the operations
studies include: Sacramento River at Knights Landing,
Feather River at Gridle)~ Yuba River at Marysville,

CALFED Bay-Delta Ecosystem American River at Nimbus Dam, Stanislaus River at
Restoration Program Goodwin Dam, Tuolumne River at LaGrange, and

CALFED’s Ecosystem Restoration Program is toMerced River at Shaffer Bridge. The additional river
provide the foundation for a long-term ecosystem res-flows targeted by the ERP would occur through CVPIA
toration effort that may take several decades toinstream flow requirements, releases from new environ-
implement. The ERP is included in each of the alter-mental storage created under the CALFED program,
natives being evaluated in the programmatic EIR/EIS.and water acquisition from willing sellers.
Some proposed actions contained in the plan include: CALFED operations studies assume that new stor-
¯ Breeching levees for intertidal wetlands, age volume is split among the three water using sectors.
¯ Constructing setback levees to increase floodplainThe placeholder study assumes 3 mar of new surface

and riparian corridors, water storage, with 1 mar dedicated for environmen-
¯ Limiting further subsidence of Delta islands bytal water uses. Environmental storage is operated to

implementing measures such as restoring wedandsmaximize average annual yield by not imposing
to halt the oxidation of peat soils, carryover provisions. Water released from storage to

¯ Controlling introduced species and reducing themeet ERP flow targets is not diverted at the Delta.
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Other Environmental Enhancement DFG has funded, or cost-shared in many habitat resto-
Options ration actions upstream of the Delta, as described

previously. Discussions are presently ongoing regarding
SWP’s Sherman and Twitchelllsland~ Wildl~f~ the possibility of using the remainder of the agreement’s
Management Plans capital outlay funds to construct a fish hatchery on the

The objective of the management plans is to controlTuolumne River.
subsidence and soil erosion on Twitchell and Sherman
Islands, while providingwefland and riparian habitat.TheUpper Sacramento River Fisheries and Riparian

plans also provide recreational opportunities such as walk-Habitat Restoration Program

ing trails and wildlife viewing. Subsidence would be As described in Chapter 2, elements of the 1989
reduced by minimizing oxidation and erosion of peat soilsplan prepared under this program were incorporated in
on the islands and by replacing present agricultural culti-’ CVPIA, or are being considered in forums such as the
vation practices with land use management practicesCALFED program. In 1992, the Resources Agency re-
designed to stabilize the soil. Altering land use practicesconvened the SB 1086 Advisory Council. The council’s
on Twitchell Island could provide up to 3,000 acres ofcurrent charge is two-part: to serve in an advisory ca-
wetland and riparian habitat, pacity to State agencies responsible for actions likely to

affect the Upper Sacramento River and adjacent lands,
Fish Protection Agreements and to complete the council’s earlier work on riparian

USBR and the Department have entered into agree-habitat protection and management. The goals for the
ments with DFG to mitigate fish losses at Delta exportlatter charge include establishing a riparian habitat man-
facilities. Subsequent to execution of USBR’s agreementagement area and a governance or management entity
with DFG, CVPIA directed USBR to substantially up- for the area. Recommendations are being developed for
gradeTracy Pumping Plant’s fish protection facilities andthe boundaries of a riparian habitat conservation area,
to construct a new screening facility. Planning studiesmanagement objectives by river reach, and the type of
are now under way for a major upgrade of the existinggovernance organization that could most effectively carry
facility. The Department’s 4 Pumps agreement without the management plan.

Financing Local Water Management Options

Implementing and maintaining many of the optionsflow problems. In contrast, economic costs reflect the
discussed in the Bulletin will require a large commitmentcosts of committing resources needed to construct,
of funds. When a local agency is confronted with addi-operate, and maintain an option for its life, to whom-
tional expenditures for water management options, it mustever they may accrue. Economic feasibility studies are
decide whether the costs of these options will be paidused to compare the relative merit of options, to de-
from current or accumulated revenues (pay-as-you-go),termine the most economically efficient size or
or be financed with the proceeds of debt repaid from fu-configuration of an option, and to allocate costs among
ture revenues. Historicall)~ local water agencies relied onbeneficiaries. It is possible for options to be financially
several methods for long-term debt financing, includingfeasible and economically unjustified, or vice versa. For
general obligation bonds, revenue bonds, and assessmentexample, even though an agency can generate the funds
bonds. Innovative long-term debt financing strategies,to pay for an option, this does not necessarily mean
such as bond pools, are being increasingly used. that the option is economically the best of available

Financial costs are different from economic costs,options. On the other hand, an option may be eco-
Financial costs are the actual expenditures required bynomically justified but it cannot be financed because
a water agency to repay the debt (with interest) in-of existing debt limitations.
curred to finance the capital costs of an option and to Financial feasibility is becoming an increasingly
meet operations and maintenance costs. Thus, theimportant consideration in water supply management
objective of financial feasibility studies is to solve cashplanning for a number of reasons.
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¯ Future water demands are expected to exceedfor discussion of Proposition 218 and its impacts on
present supplies. There is thus a need to developassessments.) Because of voter opposition to further
water supply augmentation and demand manage-tax increases, local governments have increasingly re-
ment programs, lied upon other revenue sources such as development

¯ Compliance with new EPA and DHS drinkingimpact fees from new construction, standby fees, and
water standards is likely to increase capital expen-fees for special services. These alternatives are typically
ditures by municipal water agencies, only feasible for agencies with large service areas, so

¯ Some water suppliers have deferred maintenancethat income from these fees will be significant and re-
and/or replacement of aging facilities to the pointliable. Investor-owned water agencies and mutual water
where increased operation, maintenance, and re-companies are almost exclusively dependent upon
placement costs are being incurred, water rates to generate revenues. Tables 6-16 and 6-17

¯ Since the 1980s, the federal government has beenshow significant sources of revenue for water agencies
reducing aid to state and local governments forby type of ownership and by agency size.
large-scale water resources projects, a trend which
is expected to continue. Financing Methods

¯ Since the early 1990s, the Legislature has been shift- The ability of a public agency to access different
ing property tax revenues away from counties andnancing methods depends upon the enabling legislation
special districts and into the State’s general fund. under which the agency was formed. Among other things,

the enabling legislation will indicate the agency’s:
Sources of Revenues ¯ Authority to issue bonds, the vote required to

Whether capital improvements are funded on a authorize issuance, and any limitations on the
pay-as-you-go basis or through debt financing, a wa- amounts of bonds or on the amount of indebt-
ter agency must have sufiqcient revenues to cover capital edness;
costs as well as ongoing operation and maintenancē Powers and methods of tax assessments, includ-
costs. The major sources of revenue for publicly-owned ing whether the assessments are on an ad valorem
systems include water rates charged to customers, prop- basis (a tax based on value of property) or are lev-
erty taxes (although use of these has been limited since ted according to benefits, and the type of property
passage of Proposition 13), and benefit assessments (land and/or improvements) upon which the as-
through special improvement districts. (See Chapter 2 sessments may be levied;

TABLE 6-16
Significant Sources of Revenue to Water Agencies by Type of Ownership                        O

R~wnue Sources Publ~c Investor illutual

Water Rates X X X
Property Taxes X
Special Improvement District Assessments X
Development Impact Fees X
Customer Hookup Fees X
Special Service Fees X X ~

TABLE 6-17

Significant Sources of Revenue to Water Agencies by Water Agency Size

Revenue Sources Small Intermediate d~led~um Large

Water Rates X X X X
Property Taxes X X X
Special Improvement District Assessments X X X
Development Impact Fees X
Customer Hookup Fees X
Special Service Fees X
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¯ Revenue sources, including charges, rates or tollseral obligation bonds issued by public water agencies are
for service or commodities, or sales and leases ofsecured by a pledge of the agency’s ad valorem taxing
property; and power. Passage of Proposition 13 and its requirement for

¯ Area over which it can collect taxes and/or sell ser-two-thirds voter approval have limited the ability ofagen-
vices or commodities, cies to assess additional property taxes which would be

needed to ~ this pledge, reducing the use of these
Self-Financing bonds. General obligation bond limits are often estab-

Self-finandng is a form of non-debt financing. A wa- lished by a water agency’s enabling legislation.

ter agency can use reserves generated from accumulated Revenue bonds do not require the agency’s pledge
revenues and other income to pay for improvements ratherof full faith and credit. Debt service for these bonds is

than incurring debt. The pay-as-you-go approach gener-paid exclusively from a specific revenue source, such

ally works best for small or recurring capital expendituresas the revenue obtained from the operation of the fi-

that can be reasonably accommodated in an agency’s an-nanced project. Because revenue bonds do not require

nual budget. For major capital improvements, a debtvoter approval, they are now more commonly used than

financing approach would be more appropriate, general obligation bonds.
Assessment bonds are issued to finance capital im-

Short- Term Debt Financlng provements and debt service, are paid through

Short-term debt financing typically includes bor-assessments levied upon real property benefitted by such

rowing instruments with maturities of less than 1 year.improvements, and are secured by a lien on that prop-

Short-term borrowing can be used for cash flow bor-
erty. Under the Mello-Roos Community Facilities Act

rowing, financing for capital improvements with
of 1982, water agencies may establish a community fa-
cilities district and levy a special tax upon land within

relatively short lives, and interim financing for long-termthat district. This tax can be used to finance capital im-
capital improvements. Revenue and tax anticipationprovements (generally distribution systems), new
notes can be use.d when an agency is experiencing cashservices, or to repay bonds issued for such purposes.
flow problems because revenues are occurring unevenlyPassage of Proposition 218 in 1996 substantially changed
during the fiscal year. Revenue and tax anticipation notesthe way in which property-related assessments can be
can be used to pay current expenses, with note repay-imposed by local agencies. In the future, these assess-
ment coming from revenues received later in thements must be subjected to avote of the property owners.
fiscal year. Capital items with relatively short lives can Lease or installment revenue bonds have become
be financed through the use of commercial paper--common as taxpayer resistance and State statutes have
short-term, unsecured promissory notes backed by a linelimited the taxing and borrowing ability of local agen-
of credit from one or more banks. Short-term financingcies, thus reducing use of general obligation bonds. In
methods can provide interim financing for the construc-California, a form of a lease revenue bond is the Certifi-
tion of capital improvements which are planned to becate of Participation. With a COP, facilities are built or
financed on a permanent basis at a later date. Examplesacquired by an agency of the city, and leased to the cit~
of interim financing include grant anticipation notesfor which the city makes lease payments equal to the
(where the permanent funding could be a grant fromprincipal repayment plus interest. A city, non-profit
another government agency) and bond anticipationcorporation, or a community redevelopment agency
notes (where the permanent funding will come throughmust be used as the intermediary leasing entit~ but that
the issuance of long term debt such as bonds), agency must give the facilities to the city free and clear

without added expense when the indebtedness is repaid.
Conventional Long- Term Debt Financing

Conventional long-term debt financing methodsInnovative Long-term Debt Financing

include general obligation bonds, revenue bonds, assess- New long-term debt financing strategies are be-
ment bonds, and lease or installment sales agreements, alling developed to assist water agencies in obtaining
of which are typically used by publicly owned utilities, funding for water system improvements. Bond pools

General obligation bonds are used to finance ira-increase access to bond funds for smaller water agen-
provements benefitting the community as a whole, andcies who might not otherwise be able to obtain funding.
are secured bythe full faith andcredit ofthe agen~ Gen-Bond pools use aJPA to combine several small bond
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offerings into a single financial package, minimiz-ter system or on-farm improvements byanother agency;
ing the cost of bond issuance for participating waterin exchange for use of the water conserved. An example
agencies. The Association of California Water Agen-is the agreement between MWDSC and IID, where
cies and the WateReuse Association offer suchMWDSC is funding IID system improvements in ex-
financial packages, change for a 35-year right to use the waters which have

Privatization occurs when the private sector be-been conserved.
comes involved in design, financing, construction,

Credit Substitution and Enhaneementownership and/or operation of a public facility such as
a water system improvement. Privatization can offer Although not financing methods, credit substitution
advantages. For example, it may provide cheaper orand enhancement can assist local agencies in obtaining
more accessible financing, and it may provide substan-financing and in lowering the costs of financing. Credit
tial tax advantages to the private sector. Privatelysubstitution occurs when an agency substitutes its own
arranged financing may be an attractive option whencredit for that of a local agency that is seeking to finance
a publicly owned water agency’s access to the financiala project. The local agency can improve the quality of its
markets is diminished or nonexistent, as is the case forbonds and obtain them at a lower cost. Credit enhance-
many smaller utilities, ment occurs when an agency guarantees that the debt

Another potential opportunity for water agenciesservice obligations will be met, which can be a tow-cost
involves the provision of funds by one agency for wa-and effective way for states to assist local agencies.

TABLE 6-18

Major State and Federal Financial Assistance Programs

Program Ellgibl~ Projects Admlnlstering Agencles

State
Safe Drinking Water Bond Laws Grants/low interest loans for DWR/DHS

public water system improvements
Water Consercation Bond Laws Low interest loans for water DWR/SWRCB

conservation, groundwater
recharge, local water supply, and
water recycling projects

Agricultural Drainage Water Management Low interest loans for agricultural SWRCB
Loan drainage projects

Safe, Clean, Reliable Water Supply Act of Low interest loans and grants for DWR/SWRCB
1996 (Proposition 204) water conservation, groundwater

recharge and water recycling projects

Federal
Water and Wastewater Disposal Loans and grants to small Farmers Home Administration
Loans/Grants communities for water and

wastewater facilities
Community Development Block Grants to large communities for Housing and Urban Development
Grants (HUD) water and wastewater facilities through Department of Housing and

Community Development
Small Business Administration Loans Loans for private water system Small Business Administration

improvements

Federal/State
Clean Water Act SRF Low interest loans for water SWRCB

recycling projects
Safe Drinking Water Act SRF Low interest loans for public DHS

water system improvements
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State and Federal Financial Assistance Programs Table 6-20 illustrates financing methods typically avail-

State and federal financial assistance programs (loansable to water agencies of different sizes. Table 6-21

and grants) are available. These programs target varied ob-summarizes financial assistance programs by ownership

jectives including safe drinking water, water conservation,type.

water recycling, and water supply development (for example,
groundwater recharge projects). Each of these programsPublic Water Agencies
has criteria to determine project eligibility and funding. In general, public water agencies have access to more
Most of the state and federalprograms do not provide fund-financing methods than do investor-owned and mu-
ing to investor-owned and mutual companies because thistual water companies. Many financing instruments will
is considered to be adding value to privately owned busi-be tax-exempt for publicly-owned agencies. The larger
nesses.The 1996 Safe DrinkingWater Act reauthorization public agencies can issue tax-exempt notes and bonds,
may provide about $12 billion from 1997 through 2003assess property taxes, issue special assessment bonds, and
for current and new drinking water programs, including aenter into public/private partnerships to finance capital
state revolving fund ors 1 billion per year nationally throughimprovements. A smaller public agency may be unable
2003. Table 6-18 shows some major state and federal fi-to secure such financing because either the cost of the
nancial assistance programs available for water systemmethod (such as the cost of issuing bonds) or the amount
improvements. Proposition 204 included grants to localof funds needed to make improvements exceeds the
agencies for a variety of purposes. For example, the De-ability of its customers to pay. In these cases, the smaller
partment is administering two programs to provide loansagencies need to either obtain federal and state assis-
(andin some cases, grants) to local agencies for water con-tance, if available, or pursue innovative financing
servation/groundwater recharge facilities ($30 million) andmethods. Local public agencies must limit their rates to
localprojects ($25 million). SWRCB is administeringloansamounts needed to cover current financing and water
for water recycling, costs--they are not allowed to make a profit.

Relationship Between Financing and
Water Agency Ownership and Size Investor-Owned Water Utilities

The types of financing available can vary depend- Investor-owned utilities can issue equity stock and
ing upon the ownership and size of the water agencies,sell taxable bonds. The California Public Utilities Corn-
These relationships are discussed below. Table 6-19 sum-mission must give authorization prior to the issuance
marizes financing methods by type of ownership,of stocks or bonds by an investor-owned water com-

TABLE 6-19

Financing Methods Available to Water Agencies by Type of Ownership

Method Public Investor Mutual

Self-Financing X X X

Short-Term Financing
Fixed Rate Notes X Xa Xa

Commercial Paper X X~ Xa
Floating Rate Demand Notes X X~ Xa

Conventional Long-Term Financing
Equity Shares or Stock X X
Bonds (GO and Revenue) X X~ Xa
Lease Revenue X
Innovative Long-Term Financing
Bond Pools X
Privatization X X
Water transfers X X X
Financial Assistance Programs X Xb Xb

a Taxable insttumenvs.
b State and federal loan and grant programs have limited applications for private water agencies.
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pany. This method of financing is primarily limited toare entitled to one share for each lot they own. Mu-
the larger investor-owned systems. The smaller investor-tual water companies have the ability to assess
owned agencies generally do not issue stock and may lackmembers to raise capital. This does not require ap-
the rate base that would make other financial methodsproval by either the members or an outside agency.
feasible. The CPUC establishes the return on investmentThe amount of the assessment may be limited, how-
that investor-owned utilities are allowed to earn as part ofever, by the ability of the customers to pay. As a
its rate setting authority. Regulated investor-owned utili-requirement of formation of a mutual water corn-
ties are not able to accumulate reserves. Utilities may usepany, a sinking fund must be established that provides
short-and long-term taxable bonds and notes, capital replacement of water facilities at the end of

their useful life. Some of the larger mutual compa-
Mutual Water Companies nies may be able to use short- and long-term financing

A mutual water company is a privately ownedinstruments such as taxable bonds and notes.
company that issues securities in which lot owners

TABLE 6-20

Financing Methods Typically Available to Water Agencies by Water Agency Size

~�lethod Small Intermediate dlCedium Large

Self-Financing X X

Short-Term Financing
Fixed Rate Notes X
Commercial Paper X
Floating Rate Demand Notes X

Conventional Long-Term Financing
Equity Shares or Stock X X
Bonds (GO and Revenue) X
Lease Revenue Bonds X

Innovative Long-Term Financing
Bond Pools X X X X
Privatization X X X X
Water Transfers X X X X

Financial Assistance Programs Xa Xa Xa Xa

a State and federal loan and grant programs have limited applications for private water agencies.

TABLE 6-21

Financial Assistance Programs Available to Water Agencies by Type of Ownership

Programs Public Investor Mutual

State
Safe Drinking Water Bond Laws X Xa Xa

Water Conservation Bond Laws X
Agricultural Drainage Water Management Loans X
Community Development Block Grants X
State RevoMng Fund for Wastewater X
State RevoMng Fund for Drinking Water X X X

Federal
Water and Wastewater Disposal Loans and Grants X X
Community Development Block Grants X
Small Business Administration Loans X

= Loans only; grants not provided to privately-owned agencies.
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Regional Water Budgets
with Existing FaciliUes and P~ams

~� fo~oMng tabl~ show~e water budgets for ~ch of~e S~te’s ten hy~ologic reoons
M~ eMs~g fac~ifies ~d progr~s. Water use/supply tot~s ~d sho=~es may not s~
due to ro~g.
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TABLE 6A-1

North Coast Region,Water Budget with Existing Facilities and Programs (taf)

1995                         2020
Average Drought Average Drought

Water Use
Urban 169 177 201 212
Agricultural 894 973 927 1,011
Environmental 19,544 9,518 19,545 9,518
Total 20,607 10,668 20,672 10,740

Supplies "
Surface Water 20,331 10,i83 20,371 10,212
Groundwater 263 294 288 321
Recycled and Desalted 13 14 i3 14
Total 20,607 10,491 20,672 10,546

Shortage 0 ’ 177 0 194

TABLE 6A-2

San Francisco Bay Region Water Budget with Existing Facilities and Programs (tat)

1995 2020

Average Drought Average Drought

Water Use
Urban 1,255 1,358 1,317 1,428
Agricultural 98 108 98 108
Environmental 5,762 4,294 5,762 4,294
Total 7,115 5,760 7,176 5,830

Supplies
Surface Water 7,011 5,285 7,067 5,417
Groundwater 68 92 72 89
Recycled and Desalted 35 35 37 37
Total 7,115 5,412 7,176 5,543

Shortage 0 349 0 287

TABLE 6A-3

Central Coast Region Water Budget with Existing Facilities and Programs (taf)

1995 2020

Average Drought Average Drought

Water Use ¯
Urban.                    286 294 379 391
Agricu!tur~ 1,192 1,279 1,127 1,223
Environmental ’ 118 37 118 37
Total 1,595 1,610 1,624 1,652

Supplies
Surface Water 318 160 368 180
Groundwater 1,045 1,142 1,041 1,159
Recycled and De.salted 18 26, 42 42
Total 1,381 !,328 1,452 1,381

Shortage 214 282 ’ 172 270
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South Coast Region Water Budget with Existing Facilities and Programs (taf)

1995 2020
Avwrage Drought Average Drought

Water Use
Urban 4,340 4,382 5,519 5,612
Agricultural 784 820 462 484
Environmental 100 82 104 86
Total 5,224 5,283 6,084 6,181

Supplies
Surface Water 3,839 3,196 3,625 3,130
Groundwater 1,177 1,371 1,243 1,462
Recycled and Desalted 207 207 273 273
Total 5,22g 4,775 5,141 4,865

Shortage ¯ 0 508 944 1,317

TABLE 6A-5
Sacramento River Region Water Budget with Existing Facilities and Programs (tat)

1995 2020
Avwrage Drought Average Drought

Water Use
Urban 766 830 1,139 t,236
Agricultural 8,065 9,054 7,939 8,822
Environmental 5,833 4,223 5,839 4,225
Total 14,664 14,106 14,917 14,282

Supplies
Surface Water 11,881 10,022 12,196 10,012
Groundwater 2,672 3,218 2,636 3,281
Recycled and Desal~ed 0 0 0 0
Total 14,553 13,239 14,832 13,293

Shortage. 111 867 85 989

TABLE 6A-6
San loaquin River Region Water Budget with Existing Facilities and Programs (taf)

1995 2020
Average Drought Avwrage Drought

Urban 574 583 954 970
Agricultural 7,027 7,244 6,450 6,7i9
Environmental 3,396 " 1,904 3,411 1,919
Total 10,996 9,731 10,815 9,609

Supplies "
Surface Water 8,562 6,043 8,458 5,986
Grotmdwater 2,195 2;900 2,295 2,912
Recycled and Desalted 0 0 0 0-
Total 10,757 8;94-3 10,753 8,898

Shortage 239 788 63 711
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T_~LE 6A-7

Tulare Lake Region Water Budget with Existing Facilities and Programs (taf)

1995 2020
Average             Drought             Average               Drought

Water Use
Urban 690 690 1,099 1,099
Agricultural I0,736 10,026 10,123 9,532
Environmental 1,672 809 1,676 813
Total 13,098 11,525 12,897 1

Supplies
Surface Water 7,888 3,693 7,791 3,593
Groundwater 4,340 5,970 4,386 5,999
Recycled and Desalted 0 0 0 0
Total 12,228 9,663 12,177 ¯ 9,592

Shortage 870 1,862 720 1,851

TABLE 6A-8

North Lahontan Region Water Budget with Existing Facilities and Programs (taf)

1995 2020

Average             Drought             Average               Drought

Water Use
Urban 39 40 50 5
Agricultural 530 584 536 594
Environmental 374 256 374 256
Total 942 880 960 901

Supplies
Surface Water 777- 557 759 557
Groundwater 157 187 183 208
Recycled and Desalted 8 8 8 8
Total 942 752 950 773

Shortage 0 128 10 128

TABLE 6A-9

South Lahontan Region. Water Budget with Existing Facilities and Programs (taf)

1995                               2020

Average Drought Average Drought

Water Use
Urban 238 238 619 619
Agric~tural 332 332 257 257
Environmental 107 81 107 81
Total 676 651 983 957

Supplies
Surface Water 322 259 437
Groundwater 239 273 248 296
Recycled and Desalted 27 27 27 27
Total 587 559 712 649

Shortage 89 92 ¯ 270 308
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TABLE 6A-10

Colorado River Region Water Budget with Existing Facilities and Programs (taf)

1995 2020

Average Drought Average Drought

Water Use
Urban 41’8 418 740 740
Agricultural 4,118 4,118 3,583 3,583
Environmental 39 38 44 43
Total 4,575 4,574 4,367 4,366

Supplies
Surface Water ~,154 4,128 3,920 3,909
Groundwater 337 337 285 284
Recycled and Desalted 15 15 15 15
Total 4,506 4,479 4,221 4,208

Shortage 69 95 147 158

6A-5 ~m,m~x 6A ¯
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Appli~ Water Sho~ges
by Hyd~lo~c Re, on

with ~sting Fa~liti~ and Pm~ams

Tables 6B-1 ~rough 6B-4 show applied water The l~gest averse ye~ sho~ ~e forec~ted
sho~ by hy~ologic region wi~ e~sting faci~fiesfor ~e T~e L~e ~d Sou~ Co~t Regions, ~

prog~s. Water sho~es v~ widely from re- ~at rely heav~y on imported water supplies: Furore
gion to region. For ex~ple, ~e No~ Corot ~d S~average ye~ short~es in ~e Td~e L~e Region re-
Fr~cisco Bay Regions ~e not ~pected to ~periencefleet groundwater overdraft. Future average year
~e sho~ d~g averse y~s, but ~ see sho=-shor~es ~ ~e Sou~ Corot Region reflect forecmted
~es ~ ~ou~t ye~s. Most of ~e S~ate~ rem~Nngpop~ation gro~, pl~ lower Colorado Nver Sup-
reoons ~pefience averse y~ ~d ~o@t ye~ sho~-plies ~ C~for~a reduces i~ ~e of Colorado Nver

now, ~d ~e forecmted to experience ~cremedwater to ~e State~ b~ic apportionment.
sho~es ~ 2020.
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TABLE 6B- 1
Applied Water Shortages by Hydrologic Region (taf), 1995-Level Average Yeara

Region Overdraj~ Other Total
North Coast 0 0 0
San Francisco Bay 0 0 0

Central Coast 214 0 214

South Coast . 0
.                    0

0
Sacramento River 33 78 111
San Joaquin River 239 ,0 239
Tulare Lake 820 50 870
North Lahontan 0 0 0
South Lahontan 89 0 89
Colorado River 69 0 69

Total (rotmded) 1,460 130 1,590
a With existing facilities and programs.

TABLE 6B-2
Applied Water Shortages by Hydrologic Region (taf), 1995-Level Drought Yeara

Region Overdraf~ Ot6er Total

North Coast 0 177 177
San Frandsco Bay 0 349 349
Central Coast 214 68 282
South Coast 0 508 508
Sacramento River 33 834 867
San Joaquin River 239 549 788

Tulare Lake 820 1,042 1,862
North Lahontan 0 128 128

South Lahontan 89 3 92
Colorado River 69 26 95
Total (rotmded) 1,460 3,690 5,150

o.~
~ With existing facilities and programs.
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TABLE 6B-3

Applied Water Shortages by Hydrologic Region (taft, 2020.Level Average Yeara

Region Overdraft Ot~er Total

North Coast 0 0 0

san 0 0 0
Central Coast 102 70 172

South Coast 0 944 944
Sacramento River 85 0 85

San Joaquin River 63 0 63

Tulare Lake 670 50 720

North Lahontan 0 10 10

South Lahontan 89 181 270

Colorado River 61 86 147
Total (rounded) 1,070 1,340 2,410
a With existing ~acilities and programs.

TABLE 6B-4

Applied Water Shortages by Hydrologic Region (taf), 2020-Level Drought Yeara

Region Overdraft Other Total

North Coast 0 194 194

San Francisco Bay 0 287 287

Central Coast 102 168 270

South Coast 0 1,317 1,317

Sacramento River 85 ~04 989

Tulare Lake 670 1,181 t,851

North Lahontan 0 128 128

South Lahontan 89 219 308

Colorado River 61 97 158

Total (rounded) 1,070 5,140 6,210
~ With existing facilitie~ and programs.
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gtimating a Water Management
Option’s Unit

econo~c. F~ci~ cos~ ~e ~e ~pen~es req~edc~red d~g ~e norm~ co~se of project use.
to repay debt (~ interest) incited to fin~ce opi- For m~y options (SU& ~ s~ace water rese~oirs
tal costs of a project and to meet operations,~d~o~dwater/conj~cfive~eproje~),hy&olo~
m~nten~ce, ~d replacement qosts. Gener~y, fin~-is key to ev~uating ~e opfioffs perform~ce. Some
ci~ cosu ~e spread over a sho~er t~e period ~options ~e designed to provide m~m~ deliveries
¯ e ~e of~e project. ~ comp~ison, economic costsdur~g averse ~d wet ye~s ~d ~nim~ de’verier
reflect ~e cos~ of resources com~ed to ~e con-d~ing ~ought ye~s; o~ers ~e designed to provide
stmcfion ~d operation of a project over its l~e, whichm~ deliveries d~ing ~ou~t ye~s wi~ mini-
~ be 50 ye~s or more for m~y water resources op-m~ deliveries d~ing o~er ye~s. Some-options ~
fions. It is Possible for options to be economic~lyprovide a relatively const~t supply reg~s of water
fe~ible ~d tin,city infe~ible, or ~ce versa, y~ ~e.

T~s appen~ foc~es upon econo~c cosu. ~- Because ~s B~e~ focuses on loc~ options, cost
¯ ough economic costs c~ be expressed in m~yestates ~e dependent upon cost ~dhy~olo~&ta
~fferent ways, a use~ statistic is ~e econo~c costav~able in ~sfing repo~ ~d o~er doc~en~ pre-
per acre-foot of option deliveG. The maAematic~p~ed by water ~enci~. Some ~c~ties Aat ~ise ~
computation of ~it cost is not ~c~t, but does en-~ing ~s information include:
t~ sever~ considerations. ". Data ~e inc6nsistent ~ong ~e ~encles (~er-

ent hy~ologic ~e perio~ were used).
Considerations Common to All Options ¯ Data ~e miss~g or incomplete (some~es ~pi-
Data Avai~bili~ t~ cos~ ~e repo=ed, but not opera~g cos=).

....... ¯ Data may be av~able, but ~formafioa about ~-Cost ~at~ req~e ~ens~ve dam ou ~ opuons
cos~ ~d i~ operation under ~erent hy~ologic con- sumptions used in their development is not
¯ fions. Cos~ include opiM ~d ~u~ operations, av~able (reposed total opiM cosu may or may
m~nten~ce, ~d replacement costs. Capit~ cosu ~e not include en~ronment~ mitigation costs).
~sociated ~ cons~cfion ~d ~plementafion of" Data were dev~lopMat ~erent times (i~orma-
~             option (inclu~ng ~sportafio~ ~d ~ea~ent fa- ~on on some options is relatively ne~ wh~e o~er
c~ifies). ~ples ofopit~ costs include ~pen~ data may be 30 y~s old).
for pl~ng, design, fig~t-of-wa~, constructor, ~d ¯ Data were d~eloped at ~Terent l~l~ of s~dy
en~o~ent~ ~tion. Capit~ costs ~so include (appr~sd level data ~e berg comp~ed to f~i-
activation costs (operation ~d m~nten~ce ~pen~- b~ level &m).
mr~ prior to operations) ~d rese~oi~ ~g costs. S~ce ~e B~efi~s intent is to ex~e options
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"from a statewide perspective at an appraisal level ofadditional equipment. Because of the substantial user
detail, the approach used has been.to acknowledge thatcosts of some conservation options, they must be ad-
these difficulties exist, but to use the available infor-dressed in cost estimates. Since the Bulletin 160-98
mation. The scope of this Bulletin does not permitoptions evaluation process is focused on costs from
development of new information for all of the optionsthe water agency perspective, it is assumed that costs
for which data were collected. The Bulletin’s effortsofdemand reduction options are fundedbywateragen-
focused on making costs of the statewide options andcies, including reimbursements to water users for costs
larger local options comparable, where possible, such as landscape replacement or sprinkler controller

installation.
Assumptions

Two analysis periods were us~d’a 50-year periodWater Reeycllng
for capital-intensive options (reservoirs,. desalting Costs of water recycling vary with the intended
plants, conjunctive use facilities) and a 25-year perioduse of the water, due to differences in treatment re-
for less capital-intensive options (demand reduction),quirements. Costs of recycling projects are highly

The analysis used constant dollars, thus excludingsite-speciflc, since costs of associated conveyance and
price changes occurring as a result of inflation. Thedistribution systems may constitute a large percent of
time value of money is represented by a 6 percent dis-the total project cost.
count rate. Dollar values are converted to constant
1995 dollars using USBR’s cost index or other costConjunctive Use Projects
indices as appropriate. Statewide probabilities for the Because conjunctive use projects often involve
occurrence of drought years and average yea~s are 20many types of facilities and are operated according to
and 80 percent, respectively, changes in hydrology, computing cost estimates can

be complex. Hydrology is key to the operation of manyMethod of AnalyMs
conjunctive use projects because usually the recharge

A spreadsheet was developed for cost computa-portion of the project is operated in average years and
tions. Table 6C-1 shows the results of a sample costthe extraction portion is operated in drought years.
analysis for four hypothetical water management op-Facilities may not be operated during years where there
tions using this sprea .dsheet. is insufficient water for recharge, or when conditions

are too wet to warrant extractions. Although capital
Considerations Specific to costs era conjunctive use project are not significantly
Some Options influenced by hydrology; annual O&M costs are sen-

sitive to hydrology because of pumping costs.
Conservation

In order to achieve savings from many demandSu~aee Water Reservoirs
.

reduction options (landscape retrofits, toilet retrofits), Some reservoirs are operated to maximize water
water users rather than water districts must purchasesupplies during average years and others are operated

TABLE 6C-1
Sample Cost Computation

Option Option Dellwry Probabilities (%) Capital Annual VarlabI~ Unit Cost

(~, ~o~s ~osts (~lillionS) (S/as9
Average Drought Average Drought ¢~Milh’on $3 Average Drought

Groundwater Recharge/ 0 15 80.0 20.0 4.0 0.1 0.6 150
Conjunctive Use
Water Transfers~ 0 2 80.0 20.0 0.0 0.0 0.5 250

. Water Recycling 3 3 80.0 20.0 24.0 0.6 0.6 710
Surface Water Reservoir 10 3 80.0 20.0 80.0 1.0 2.0 730

¯Using existing fadlides.

¯ ~vewo~x ~C ~C-2
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..~:- for drought years or emergency storage purposes. AI-to allocate the costs among different purposes, because
’ ’~" though the capital cost to cons .truct a reservoir will becost allocation goes beyond the Bulletin’s appraisal-level

f~ the same regardless of its operation, the cost of waterscope of analysis.
supply will differ substantially among these operational

’ ’~;~5~): modes. A reservoir’s O&M costs will’vary significandy Water Marketing

,-.~- depending upon whether it provides on-stream or off- Water transfer costs shown in the Bulletin are gen-
,~’~ stream storage (the latter operation will likely haveerallythose reported bylocal agencies for their proposed

;,~.~.:,~.?~ substantial energy costs associated with reservoir fill-marketing arrangements. Costs reported by local agen-
~’:~’ ing). Of supply augmentation options, reservoirs arecies are often the contractual prices contained in
~!i~!~ most likely to provide substantial benefits other thantransfer agreements. Such costs usually do not include

water supply, such as recreation, flood control, andenvironmental mitigation costs or costs relating to
:~’.~:~ power generation. No attempt is made in this Bulletinthird-party impacts.

~i~a-. 6C-3 A~ 6C ¯
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Calculation of Minimum. New Water Needs

Calculations of lower bound, or minimum, newthe new water need (maximum) is equal to the region’s
water needs from 2020-1evel applied water budgetapplied water shortage. If the potential to fully reap-
shortages are presented by hydrologic region in Tablesply newwater supplies exists in a region, then equation
6D-1 and 6D-2. In an applied water budget, supply(5) de£mes a minimum new water need. In the tables,
and percent reapplication are defined as: the water shortage not due to overdraft ("other" short-

applied water supply = supply fram primary sources age) is adjusted downward by the percent reapplication
+ supplyfram reapplicati~n... (1) in accordance with equation (5). This value is summed

percent reapplication = (supply~om reapplication / with the overdraft shortage to arrive at the minimum

supply fmm primary saurces) x 100 (2) new water need for the region.
"’" As discussed in Chapter 3, regional supplies gen-

In the tables, percent reapplicarion is calculatederated through groundwater overdraft are excluded
for each region from primary supplies and reappliedfrom the Bulletin 160-98 water budgets because they
supplies (both surface water and grotmdwater) accord-do nor represent sustainable sources of water supply.
ing to equation (2). This calculation is performed onlyExcluding these supplies from the water budgets re-
in planning subareas that are forecasted to experiencesuits in additional regional shortages. However, for
shortages in 2020. clarity of presentation, the regional supplies available

Assuming that new supplies from water manage-through reapplication ofoverdrafted groundwater sup-
ment options may be reapplied in the same proportionplies are not excluded from the water budgets.
that existing primary supplies are reapplied, an appliedTherefore, shortages due to overdraft are not adjusted
water yield and a percent reapplication for the optionsby the percent rea, pplication in Tables 6D, 1 and 6D-2
may be similarly defined as: to .arrive at regional new water needs.
\ applied water yield = new water supply + Based on the data presented in Table 6D-1, the

,reapplicadanpotential... (3) minimum new.water required to satisfy 2020 average
percent reapplicatian = (reapplication potential / year shortages is approximately2,2 mar. Similarly; Table
new water supply) x 100 ... (4) 6D-2 shows the minimum new water required to sat-

isfy 2020 drought year shortages is approximately 5.4By substituting equation (4) into equation (3) andma£ As discussed in Chapter 6, not all water manage-
rearranging terms, a regional new water need mayment options are created equal in their ability to meetbe defined as a function of a regional applied water
Shortage: new water needs. Demand reduction options, ~’or ex-

ample, do not provide new water to a region, and no
new water need = applied water shortage / opportunities exist to multiply their effectiveness
(1; + [reapplicationpotendal/lO0]) ... (5) through reapplication. Therefore, ira region’s options
If the potential to reapply new water supplies doesmix includes demand reduction isptions, the region’s

not exist in a region, then according to equation (5),newwater rieedwill be greater thatl the minimum need.

riD-1
Aveew~x 61) []
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TABLE 6D-1

Minimum New Water Needs by Hydrologic Region: 2020 Average Year

Region Percen~ Shortage (re.r9 Minimum New
Reapplieatlon Overdra~ Other Water Need

North Coast -- 0 0 0
San Francisco Bay -- 0 0 0
Cen.tral Coast 24.1 102 70 159
South Coast !2.5 0 : 944 839
Sacramento River 33.3 85 0 85

Joaquin River 16.4. 63 0 63
Tulare Lake 1 i.4 670 50 715
North Lahontan 5.4 0 10 9
South Lahontan 35.8 89 181 223
Colorado River 24.6 61 86 130
Total (rounded) 16.4 1,070 1,340 2,220
~ Percent reapplication is computed from supply data for PSAs that are forecasted to experience shortages in 2020.

TABL~ 6D-2

Minimum New Water Needs by Hydrologic Region: 2020 Drought Year

Region Percent* Shortage (~?9 Minimum New
Rea#plleation Overdra~ Other Water Need (ta~9

North Coast 38.8 0 194 140
San Francisco Bay 0.5 0 287 286
Central Coast 17.8 102 168 245
South Coast 10.4 0 1,317 1,192
Sacramento River 26.3 85 904 801
San Joaquin River 17.4 63 648 615
Tulare Lake 24.0 670 . 1,181 1,623
North Lahontan 16.5 0 128 110
South Lahontma 34.8 89 219 252
Colorado River 25.3 61 97 138
Total (rounded) 18.8 1,070 5,140" 5,400
a Percent reapplicarion is computed from supply data for PSAs that am forecasted to experience shortages in 2020.

[] Aee~ 6D 6D-2
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Net Water Budge 

The fo~owing tables show ~e net water bu@ets for ea~ of ~e Statffs ten hy&ologic
regions wi~ e~sfing facilities ~d progr~s, ~d ~en C~forniffs net water budget wi~
e~sting faculties ~d progr~s. Water use/supply tot~s ~d short~es may not s~ due to

C--094243
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TABLE 6E-1

North Coast Region ~Net Water Budget with Existing Facilities and Programs (taf)

1995                         2O20
Average             Drought             Average               Drought

Net Water Use
Urb~m . 169 177 201 212
Agricultural 683 714 699 740
Environmental 19,378 9,393 19,378 9,393
Total 20,230 10,283 20,278 10,344

Supplies
Surface Water 20,003 9~887 20,029 9,911
Groundwater 214 239 236 261
Recycled and Desalted 13 14 13 14
Total 20,230 10,139 20,278 10,186

Shortage 0 144 0 158

TABLE 6E-2
San Francisco Region Net Water Budget with Existing Facilitie~ and Programs (taf)

1995                          2020

Average              Drought              Average                Drought

Net Water Use
Urban 1,255 1,358 1,317 1,428
Agricultural 87 96 87 95
Environmental 1,782 1,284 1,782 1,284
Total 3,124 2,738 3,185 2,808

Supplies
Surface Water 3,024 2,267 3,080 2,400
Groundwater 65 87 69 . 84 ~
Recycled and Desalted 35 35 37 37
Total 3,124 2,389 3,185 2,520

Shortage 0 349 0 287

TABLE 6E-3
Central Coast Region Net Water Budget with Existing Facilities and Programs (tat)

1995 2020
Average Drought Average Drought

.~,~
Net Water Use

Urban 243 253 320 334
Agricultural 912 975 ¯ 884 947
Environmental 84 22 84 22
Total 1,238 1,250 1,288 1,303

Supplies
Surface Water 252 118 301 140
Groundwater 754 826 772 861
Recycled and Desalted 18 26 42 42
Total 1,024 970 1,115 1

Shortage 214 280 " 172 260

¯ A~,~,~x ~ 6E-2
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TABLE 6E-4

’ South Coast Region Net Water Budget with Existing Facilities and Programs (taf)

1995 2O2O

Average Drought Average Drought

Net Water Use
Urban 3,973 3,999 4,943 5,009
Agricultural 692 722 421 442

Total 4,691 4,748 5,395 5,481

Supplies
Surface Water 3,400 2,758 3,184 2,704
Groundwater 1,084 1,274 1,155 1,380
Recycled and Desalted 207 207 273 273
Total 4,691 4,240 4,612 4,357

Shortage ~ 0 508 783 1,125

TABLE 6E-5
Sacramento River Region Net Water Budget with Existing Facilities and Programs (taf)

1995 2020

Average Drought Average Drought

Net Water Use
Urban 765 829 1,139 1,235 ’
Agricultural 6,529 7,251 6,436 7,041 ’
Environmental 3,845 3,260 3,854 3,263

Surface Water 8,814 ~, 7,880 9,159 7,895
Groundwater 2,229 2,699 2,184 2,769
Recycled and Desalted 0 0 0 0
Total 11,043 10,579 11,344 10,665

Shortage 96 760 85 873

TABLE 6Er6

San/oaquin River Region Net Water Budget with Existing Facilities and Programs (taf)

1995 2020

AVerage Drought Average Drought

Net Water Use
Urban 4 ! 7 432 673 698-
Agricultural 5,818 6,284 5,286 5,784
Environmental 1;249 831 1,263 845

, Total 7,484 7,546 7,221 7,328

Supplies
Surface Water 6,190 4,743 6,096 4,696
G~oundwater 1,055 2~ 118 1,063 2,026
Recycled and Desalted 0 0 0 0
Total 7,245 6,861 7,159 6,722

Shortage 239 685 63 606

6E-3 A~m~m 6E ¯ "
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TABLE 6E-7

Tulare Lake Region Net Water Budget with Existing Facilities and Programs (taO

1995                        2020
Average Drought Average Drought

Net Water Use
Urban 347 358 514 533
Agricultural 7,659 7,817 7,248 7,386
Environmental 37 37 39 39
Total 8,043 8,211 7,801 7,957

Supplies ,
Surface Water 6,226 2,894 6,129 2,794
Groundwater 957 3,684 962 3,568
Recycled and Desalted 0 0 0 0
Total 7,183 6,578 7,091 6,361

Shortage 860 1,634 710 1,596

TABLE 6E-8
North Lahontan Region Net Water Budget with Existing Facilities and Programs (taft

1995                          2020
Averag~             Drought             Averag~               Drought

Net Water Use
Urban 32 33 41 42

470 514 470 516
Environmental 174 136 174 136
Total 675 683 685 695

" Supplies
Surface Water 531 384 506 378
Groundwater 136 171 161 190
Recycled and Desalted 8 8 8 8
Total 675 564 675 576

Shortage 0 120 10 119

TABLE 6E-9

South Lahontan Region Net Water Budget with Existing Facilities and Programs

1995                         2020

Average Drought Average Drought

Net Water Use
Urban 160 160 412 412
A(~ricultural 291 291 230 230
Environmental 107 81 107 81
Total 558 532 750 724

Supplies
Surface Water 244 181 338 234
Groundwater 198 232 201 252
Recycled and Desalted 27 27 27 27
Total 469 . 440 566 514

Shortage 89 92 " 184 . 210

¯ ~,~ o~ 6E-4
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Colorado River Regio, Net Water Budget with Existing Facilities and Programs L(taf)

1995 2020

Average Drought Average Drought

Net Water Use
Urban 312 312 526 526
Agricultural . 3,847 3,847 3,4!2 3,412
Environmental 39 38 44 43
Total 4,197 4,196 3,982 3,981

Supplies
Surface Water 4,047 4,021 3,809 3~800
Groundwater 66 77 79 79
Recycled and Desalted 15 15 15 15
Total 4,128 4,113 3,903 3,894

Shortage 69 83 79 88

TABLE 6E- 11
California Net Water Budget with Existing Facilities and Programs (maf)

1995 2020

Av~rag~              Drought              Average                Drought ¯

Net Water Use
Urban 7.7 7.9 10.1 i 0.4
Agricultural 27.0 28.5 25.2 26.6
Environmental 26.7 15.1 26.8 15.1
Total 61.4 51.5 62.0 52.2

Supplies
Surface Water 52.7 35.1 52.6 35.0
Groundwater 6.8 ! 1.4 6.9 11.5
Recycled and Desalted 0.3 0.3 ’0.4 0.4
Total 59.8 46.9 59.9 46.8

Shortage 1.6 4.7 2.1 5,3

6E-5 ~m,~x 6E ¯
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Land Retirement Analysis in
Drainage-impaired. Areas

~)
The. San Joaquin Valley Interagency Drainageplus other lands inthe westside of the San ]oaquin

Program’s 1990 report stated that 75,000 acres of landValley with a selenium concentration o£more than 200
O with the worst drainage problems would need to beppb in shallow groundwater. For Scenario 2, the 200

retired by 2040 unless other actions were. taken toppb selenium criterion was used to benchmark acre’
G~ improve drainage problems in the area. Assuming thatage to be retired because of the interagency report’s

~!.!:.:,:~
land retirement would occur uniformly over time, therecommendations. The acreage of land tmdedain by

.....- Bulletin’s 2020 irrigated acreage forecast includes ashallow groundwater has fluctuated over time, reflect-.
.:.:> reduction of 45,000 acres of land due to impairedinghydrologic conditions and the availability of water
~.’~"I.L; &ainage, as discussed in Chapter 4. Existin. g or fUturesupplies in the region. There has been no new region-
:,7 .~’~ programs in which land is purchased and then takenwide monitoring of selenium in shallow groundwater
....:,. out of irrigated agriculture could increase the acreagesince publication of the 1990 report, and changes in
~’,.:.=;: taken out of production. Considering the region’sthe extent of lands underlain by high sdenium ground-
.,,,.‘ chronic agricultural water shortages, it is likely thatwater are unknown. (As described in Chapter 4, the
(~! local water agencies would want to keep the water ininteragency drainage program is in the process ofup-

(~
the region to improve water supplies for remainingdating its 1990 recommendations based on new
irrigated lands, as is being planned in a pending jointinformation.)

,~ financing arrangement between USBR a.rid WWD. To help put these acreage values into perspective,
~,~, Bulletin 160-98 does nottreat land retirement forin 1997 USBR’s land retirement program issued its
’~O" drainage purposes as a future demand reductionfirst request for proposals from persons who wished to

option. The Bulletin’s scope is limited to actions whoseretire land pursuant to the CVPIA program. USBR
(~ primary intent is, demand reduction or water supply. received propqsals totaling 31,000 acres. Based on its
~i~

augmentation. Because land retirement for drainage1998 budget, USBR expects to retire about 12,000
ptrrposes would affect water use, the following analy-acres of the lands proposed, with additionaI lands ex-

~"!~"~ sis has been provided to quantify water supply impacts,pected to be retired in future budget years. In 1998;

,:i~:;~.."~ Two land retirement scenarios were evaluated. Sce-USBR released an enviromnental assessment and fmd-
~:~’ nario 1 assumed that the full 75,000 acres ofing ofno significant impact for a demonstration project
,..:,’~:~ agricultural lands with the worst drainage problemson about 1,890 acres of lands acquired or planned to
@~ recommended for retirement by 2040 by the inter-be acquired under the land retirement program. The
~’~ agency, program would be retired by 2020, addingdemonstration program would evaluate wildlife habi’

30,000 acres to the base 45,000 acres included in thetat management actions on the retired lands. Under a
~ Department’s 2020 agricultural acreage forecast. Sce-separate agreement with WWD, the agricultural wa-

{~
natio 2 assumed the retirement of up to 85,000 acrester supplies associated: with the lands would remain
over the base 45,000 acres for a total of 130,000 re-within ~WWD, and part of the supplies would be used

¯ ::’,’~", tired acres. This included the 30,000 acres in Scenario tto irrigate wildlife habitat. Water used for habitat irri-

6F-I ~em~x ~ ¯

C--094249
(3-094249



TABLE 6F-1

Agricultural Depletion Reductions Due to Land Retirement

Scenario 1 Scenario 2

Crops" Zand Retired Dep~ions Land Retired Depletions
(acres) (ally) (acres)
2,370 8,560 4,740 17 290

Irrigated Pasture 60 220 160 580
Barley 3,080 3,880 9,160 11,540
Wheat 5,850 8,660 I4,980 22,170
Cotton 12,830 33,490 41,600- 108,580
Safflower 4,390 4,430 9,690 9,790
Sugar Beets 60 170 350 990
Dry Beans 470 900 1,470 2,820
Dry Onions 190 500 520
Tomatoes (processing) 480 1,280 1,730 4,600
Almonds 1 i0 360 220 690
Pistachios 10 20 80 240
Wine Grapes 100 220 250 550
Total (rotmded) 30,000 62,700 85,000 ’ 181,200

gation would be limited to 0.6 af/acre, to avoid deepor its associated water supply: (Direct farm income
percolation of applied water, losses to growers should be recovered through land

Table 6F-1 displays the crops calculated to be re-purchase costs.) To illustrate the magnitude o£poten-
tired for both scenarios along with the expectedtial third-party impacts, Tables 6F-3 and 6F-4 show
reductions in depletions. Field crops are the primaryeconomic effects of the land retirement scenarios. These
types of crops calculated to be retired, based on Cen-effects would need to be addressed in environmental
tral Valley Production Model results, with barley,documentation for land retirement programs. Envi-
wheat, cotton, and safflower comprising almost 90 per-ronmental documentation prepared to date for land
cent of total retired acreage for each option, retirement activities has not proposed specific mitiga-

The costs of land retirement scenarios are mea-tion measures for third-party economic impacts. There
sured by the estimated costs to purchase farmland andhas thus been no basis for allocating costs in addition
remove, it from irrigated agricultural production. Tableto the land purchase price to the costs shown in this
6F-2 shows land retirement costs for either perma-analysis. Third-par .ty impacts associated with managed
nently taking the farmland out of agriculturalland retirement programs on the westside of the San
production or for taking it out of irrigated agriculturalJoaquin Valley woul8 be of particular concern to city
production, and county governments in the area, because agricul-

Implementing land retirement programs can betural activities provide the dominant source of
controversial because of concerns about third-partyim-employment in many of the small rural communities
pacts to those who do not benefit from sale of the landon the westside.

TABLE 6F-2
Costs of Land Retirement (1995 Dollars)

Scenario I Scenario 2

Land Retireraent Total Annualized Cost Total Annuallzed Cost
Assumptions Cost Per Cost Per af of Cost Per Cost. ¯ Per af of

Acre Per Acrea Depletions Acre Per Acrea Depletions
With_ No Alternative Uses        1,550 121 55 1,760 138 63
With Grazing 1,420 111 51 1~640 128 59

~ . ~ For a 25 year period and 6% di~cotmt
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TABLE 6F-3
Land Retirement Analysis--Scenario 1 Economic Impacts (1995 Dollars)

Direct; Indlrec~ Induced Effects
Value of Production                 Employment

Crops Acres Reglonala Statetdde Regionala
Statewide

Retired ($1,000) ($1,000) (person years) (person years)

Alfalfa 2~370 3,980 4,190 56 58
Irrigated Pasture 60 50 50 1 1
Barley 3,080 1,730 1,960 29 30
Wheat 5,850 5,180 5,510 73 77
Cotton 12,830 32,480 34,650 535 541
Sat~ower 4,390 3,670 4,000 59 61
Sugar Beets 60 120 120 2 2
Dry Beans 470 750 850 I0 10
Dry Onions 190 500 540 7 7
Tomatoes (processing) 480 1,590 1,740 22 23
Almonds 110 710 770 i4 14
Pistachios 10 70 70 1 1
Wine Grapes 100 500 560 10 10
Totals (rotmded) 30,000 51,300 55,000 820 830
a Indudes Fresno, Kern, and Kings Cou-gties.

TABLE 6F-4
Land Retirement Analysis--Scenario 2 Economic Impacts (1995 Dollars)

Direct, Indlrec~ Induced Effects
Value o~Produetion                 Employment

Crops Acres Reglonala ’ Statewlde Reglonala Statewide
Retired ($1,000) ($1,000) (person years) (person years)

Alfalfa 4,790 8,050 8,460 1 ~4 118
Irrigated Pasture 160 120 130 2 2
Barley 9,160 5,140 5,840 86 88
Wheat 14,980 13,240 14,100 187 196
Cotton 41,600 105,300 112,350 1,735 1,756
Safflower 9,690 8,090 8,830 129 134
Sugar Beets 350 680, 720 11 12
Dry Beans 1,470 !,920. 2,180 32 33
Dry Onions 520 1,360 1,490 19 19
Tomatoes (processing) 1,730 5,740 6,280 80 81
Almonds 220 1,380 1,510 26 27
eist d o 80 770 840 15 15
Wine Grapes 250 !,250 1,410 24 24
Totals (round~d) 85,000 153,000 164,100 2,460 2,510
a Includes Fresno, Kern, and Kings Counties.
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Review and Evaluation of Statewide-Level
Storage Facilities That Could Be Included inr

CALFED Alternatives

~’~a|ua~ ~ff O~$tl~am $~ol’ag~ ~~ ad~fionN sto~e, ~ eN~ged L~e Sh~ta is in a cl~s

The initiN screening of stor~e options includedfavorable ~it cost, but wi~ subst~fi~ fin~ciM ~d
¯ e 34 rese~oir sites sho~ in %ble 6G-1. These sitesenviro~entN consequent. In ~e 1.0-2.5 mffr~ge,
have been invesfi~ted, so ~formafion w~ av~ableAuburn R~e~oir r~ Ngh, but is burdened M~
to suppo~ a preli~n~ ~sessment. ~er ~e initi~weH-public~ed enviro~ent~ controversies. ~ ~s-
screeNng, 15 remNning options were e~ined ~ de-cussed in Chapter 3, ~ere is ~ ~gent need for greater
t~..TNs appr~s~ reded on previous sm~es coveringflood protection on ~e ~eri~ ~ver, ~d a d~ at
~a~tion~ project formNafion, engineering fe~ib~-Aub~n h~ been identified by ~e Red~afion Bo~d
iN cost, ~d env~omentN ~pects. The older stu~esas the best flood control alternative. A Thomes-
were supplemented by a c~so~ ree~afion ofen-Neville development in Ne Stony Creek basin
vironment~ ~pects that reflected ~e most recentrem~ns a possib~i~ prodded it is si~d to match
i~ormafion on critic~ habitat, wefl~ds, end~gered~mited water supply; ~e site ~so h~ potenfi~ for
species, ~d c~ reso~c~s. Because p~t s~eso~e~ stor~e o£adjacent b~ or Sacr~ento ~ver
were limited, ~e en~onment~ relations yen-water.
erated few conclusive finNngs. The l~ger rese~oirs The TriN~ eN~gement option involves a new
on major wate~a~ tend to have ~e most poten~concept ~at h~ not been investigated in de~. The
enviro~ent~ consequences. ~d, ~ere is a definite~d~ent~ premise is so~d: ~ve~ s~l~ water
correlation be~een ~e in~ensi~ of prior sm~es ~d~re~y ~om L~e Sh~ta to ~ eN~ged Tr~i~ L~e
¯ e nmber of ~own potenti~ en~onment~ prob-on ~e Trini~ Nver. TNs wo~d reap some benefits of
lem issues. The potenfiN environmentN issues’ at ~eeN~g ~e Sh~wi~ou~ ~e ~sociated major
15 re~ned opfi0ns ~e sho~ in Table 6G-2. rupfions or relo~tion costs. The lessa~acfive ~pe~

The appraisal p~ocess confirmed that largerinclude a 13-m~e mnel, a 1,500-foot prop ~, ~d
proje~ tend to have ~e potenfi~ to produce l~s cosilysubs~fi~ ener~ cos~. ~s option app~s to be more
~d more re~able water supply, but have greater po-cos# ~ eN~ong L~e Sh~ta, but M~n ~e r~ge

~pa~s on ~e environment. There is no oneof consideration. Mo~e i~ormafion on en~onmen-tenfi~
accepted me~od m comp~e options, p~ly~oset~ ~pe~ wo~d be needed for a be~er ~sessment.
ofv~y ~ffering s~e, but de~ concl~ions emergedExperience h~ sho~ l~ge pro~e~s at ~s s~e o~en
from ~sessing options M~n sim~ groups, h~bor ~expected enviro~ent~ drawback. C~-
V~ Large ~eam Res~oirs (~ 1.0 ~ renfly, eN~gTfiN~ ~e is ~a~er~d ~ a ~e

Wi~ ~e potenfi~ to ~rovide up to 10 mff ofpossib~i~, but not yet ~oro@y ~plored.
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TABLE 6G=I
Onstream Storage Options Upstream of the Delta (continued)

Stream Reser~olr Retain or l~eason for D~erra[

Upper Feather River Abbey Bridge (Red Clover Creek) DeferPrimarly a local project, not well suited for
statewide supply augmentation. Also doubtful
environmental feasibility.

Dixie Refuge Defer Primarily a local project, not well suited for
(Last Chance Creek) statewide supply augmentation. Also doubtful

M.F. Yuba River Freemans Crossing Defer Limited water supply to support significant
amount of storage and doubtful
enviro ~nmental feasibility.

N.F. American River Auburn Retain

S.F. American River ColomdSalmon Fails Defer Defer due to environmental and social/third
party impacts.

Mokelumne River Pardee Enlargement Defer    Primarily a local project.

promise for storage in tl-6s size range, but scant cur-
rent in_formation is available on their cost, water supply

Tehama and Dutch Gulch reservoirs in the Cot-efficacy, or environmentalimpacts. Reconnaissance re-
tonwood Creek Basin clearly warrant further appraisals could fully assess the practicability of these
consideration, possibly at smaller sizes than the 0.7sites. The Nashville site appears to have signiHcant en-
and 0.9 mafconsidered in the 198~ US_ACE feasibil- vironmental issues associated with its construction.
ity study. As an alternative to Dutch Gulch the Coloma Reservoir on the South Fork American
upstream Fiddlers Reservoir site has promise, but its River could provide storage within this size range, but
optimum size may be smaller than 0.5 m~f. any size over 0.2 maf would inundate the town of

Raising Friant Dam on the San Joaquin River byColoma and the Marshall Gold Discovery State His-
120 to 140 feet could more than double the currenttoric Park (which would require legislative
520 tafcapacity of Millerton Lake. While.the expan-authorization under Water Code Section 10001.5).
sion would be expensive, it is the only San JoaquinColoma and the nearby Salmon Falls alternative are
Valley surface storage option that appears to offer pc-unpromising and are deferred from further consider-
tential for statewide supply augmentation. Enlarging afion. Marysville and Narrows sites on the Yuba River
Friant Dam also wotfld provide floodcontrol benefits, also are deferred from fiirther consideration became

Kosk Reservoir o~i the Pit River and Nashville local interests are evaluating.a small facility at a nearby
Reservoir on the Cosumnes River appear to offer some site as a local project.
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TABLE 6G-2
Retained Onstream Storage Options and Environmental Issues

Storag~a
Reservoir Volume Potentlal gnvironmwatal lssu~s

(mas9                                                                ’

T&~a 0.5 - 0.7 rip~i~ habitat; s~on/stee~ead; deer; upl~d ~e; bald e~l~; c~d
reso~c~; v~io~ listed sped~ possible

Dut& G~& 0.7 - 0.9 fip~ habitat; s~o~ste~d; deer; upl~d ~e; bald e~i~; c~
r~o~ces; vgiom ~ted sped~ posslble

Kosk 0.8 sue~ habitat; deer; ~; be~; upl~d ~e; ~I~; spo=ed owls; ~out; Big B~d
In~ ~efia

Nmhv~e 0.9 ~wed~mgsh habitat; s=e~ habitat; deer; upl~d ~e
M~e=on E~gement 1.0 - 1.4 s~e~ ~d upl~d habkat; ~smp6on of esmb~sh~ d~dopment

a Vol~e &o~ is m~ sto~e vol~e, ~du~ where appR~le, ~e ~g sm~e ~pad~ ofr~o~ m be ~ed.

SmMl-m-Medium-S~d O~weam Res~oirs ~e ~o on-stre~ rese~oizs developed by ~e Red
B~ Project wo~d be ~ed prim~fly m ~ offs~e~(0.I to 0.5 ~
stor~e fac~ H~en R~e~oir on Nor~ Fork Cot-

Options wi~n ~s rmge selected for ~is in-tonwood Creek wo~d be ~gh on ~e ~st ~cept it
duded three sites on upper Sacramento Valleywo~d ~date a pre~er deposit of Cretaceous fos-
~ibut~ies ~at appe~ to offer acceptable combina-sfls. (Me,urn-sized projecm invoMng Co~onwood
tions of water supply ~ capability, Cost, andCreek water, su~ m ~e Fidgets site, ~e ~ternadves,
environment~ compatibili~. The l~g~t of ~ese,not adieus, to ~e l~ger downs~e~ Teh~a md
Wing ~se~ok on I~ Creek ~ a ~vemion fiomDut~ G~ stor~e sites.)
Ba~e Creek, co~d provide over 0.4 m~ of storage. E~gement of Folsom L~e wm.~ong ~e op-
The o~er app~endy viable options, bo~ ne~ ~edons considered to pro~de ad~don~ flood con~ol
lower ~k of~s s~e r~ge, ~e ~e Red B~ Project~ong ~e lower ~eric~ ~ver. ~ ~at e~gement
on Sou~ Fork Co~onwood ~d Red B~ Cree~,, were pracd~ble, it co~d provide arguable increment
~d M~v~e ~se~oir on Sou~ Cow Creek. One ofof water supply stor~e (depen~g on ~e flood oper~
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ating criteria). That storage would be expensive, so ithabitat. For most of the larger offstream options, that
is unlikely except as an element of a comprehensiveadvantage must be balanced against the potentially
flood control package, severe environmental impacts with diversions from

The remaining two medium-sized options are Bellamajor nearby streams. Evaluating the retained options
Vista Reservoir on Little Cow Creek near Redding andfrom that perspective leads to the following general
Squaw Valley Reservoir on Squaw Valley Creek nearconclusions.
McCloud. Th ~ese projects appear more expensive and
more environmentally- disruptive than the competingVwry Large Of~treara Reswrvolrs (Over 1.0 ma29 "

options. Therefore, they are not considered promising Two of the five very large reservoir options have
prospects for future, development and are deferred fromthe potential to provide more than 4 mafofnew stor-
further evaluation., age, but not without some considerable environmental

effects. The existing 1.6 mar Lake Berryessa could be
Evaluation of Offstream Storage Options enlarged to provide massive amounts of storage for
Upstream of the Delta surplus flows pumped from the lower reaches of the

The initial screening of upstream of DeltaSacramento River. Past studies have shown the unit
offstream storage options included the ~4 proposalscost of storage in the large project sizes would be at-
inTable 6G-3. The initial screening indicated that eighttractive, though a 31-mile conveyanFe facility with a
of those warranted further examination, including a700-foot pump lift would be required. The financial
review of past studies and a cursory reexamination ofand energy costs of this conveyance would be enor-
the latest available environmental information. Themous, as would’ the environmental consequences.
potential environmental issues identified with the re-Diversion of around 12,000 cfs from the lower river
tained options are shown in Table 6G-4. Offstreamcould prove challenging. Under current conditions,
storage has an inherent environmental advantage be-offstream storage of Sacramento River water in an en-
cause the reservoirs tend to be on minor tributaries,larged Lake Berryessa does not appear to hold much
which reduces impacts on live streams and riparianpromise in the foreseeable future.

TABLE 6G-3
Offstream Storage Options Upstream of the Delta

Watershed Reservoir Retain or Reason fbr D~erral

Putah Creek Berryessa Enlargement Retain
Various Sites Retain
Various Colusa Retain

Stony Creek Thomes-Newville Retain

Stony Creek Glenn Retain

S.F. Cottonwood Creek Red Bank Project Retain

Inks Creek Tuscan Buttes Defer Defer due to substantial environmental impacts.
Bear River Waldo Defer Being actively pursued by Yuba County

Water Agency; not considered fo~ statewide supply.

Deer Creek County Line Defer Defer in favor of alternate site in same general area.

Deer Creek Deer Creek Retain

Laguna Creek Clay Station Retain

Calaveras River Duck Creek Defer Defer due to extraordinarily high costs. .
Calaveras River South Gulch Defer Primarily a local project, not well suited for statewide

supply augmentation.
Littlejohns Creek Farmington Enlargement Defer Primarily alocal project, not well suited for statewide

supply augmentation.

6G-5 A~I’~ND~X 6G ¯
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T~L~ 6G~
Retained Offstream Storage Options and Environmental Issues

R~swtvoir Storage ~l~ Pot~I Env~ronm~

.... 3.’.~ :.. ~ .. ’~. ;’ ".-: . - L~?TL ..~..~’~ ~~ ;::~.~-~..:~: ."~".~’.,i.~,..L ’.;L.~:::~..~.?.~:~"-.; ~.:.4 7

Deer Creek 0.6 vern~ pools; meadow/m~sh habitat; ~ted bird, ~ve~ebrate,
inset, ~d pl~t sped~; c~ r~o~ces

S~fl~ly, a Glenn Rese~oir, a combination ofpacts ~n ~e ~ea of ~dafion. The ~awback is (~-~.~:~-~
TIom~s-N~ I~s~o~ on ~ No~ ~o~ Stony~finI su~pl~ w~I~ from ~ S~cr~nIo ~

Stony Creek wo~d provide over 8 m~of stor~e forof ~e e~sfing Teh~a-Col~a C~ ~version fac~i-
s~l~ water of~e upper Sacr~ento ~ver. The too-fi~ at ~d Bl~Diversion D~ ~d ~e Gle~-Colma
compartment Glenn Reservoir was conceived as~ri~tionDis~ctp~pingpl~tne~H~tonCi~.
termin~ stor~e for expo~ from ~e Nor~ Corot riv- Mternative Sites/Colusa convey~ce fac~iti~ ~e now
ers. Fo~o~ng presage of ~e W~d ~d Scenic ~versbeing ~ined. M~ou~ ~e ~ternafive convey~ce
Act of 1972, it wm reform~ated for offstre~ stor~e fac~ities wo~d l~ely r~se costs, ~e Sites ~d Colusa
of water ~verted from ~e Sacr~ento ~ver. The unitoffsue~ stor~e options rem~n ~e most pro~s~g.
cost of stbr~e appe~ed remonable, but controver~
over ~versions to ~eTeh~a-Col~a C~ ~t doubtLarge ~weam ~smoirs (0.5 to 1.0 ma~

on ~e en~o~ent~ femib~ of~ve~g l~ge flows Deer Creek Rese~o~ in nor~tern Sacr~ento
to suppo~ ~e l~ge-s~e Gle~ Rese~o~. At ~s ~e,Coun~ is ~e o~y ups~e~ of Delta offstre~ stor-
a l~ge Glenn Rese~o~ does not appe~ to be a l~ely~e option ~ ~is si~ r~ge. Pint ~v~fi~tors have
~date for ~y cons~cfion. The sm~er Thomes-ex~ned a 0.6 m~Deer Creek ~se~oir to store s~-
N~e Rese~oir (1.4 to 1.9 m~ operated m ~plus water ~om ~e ~eri~ ~ver, de~vered from
offs~e~ storage rese~oir rem~ns a possib~[ ~ e~gement of~e ~sting no~em rea~es of~e

The ’o~er ve~ l~ge offstre~ stor~e opdons,Folsom Sou~ C~. ~o~er version 0f ~e project
Sites ~d Colma Rese~oirs, ~e related, in ~at ~e 3wm considered for flood con~ol, incorporating a ~v-
m~ Colusa Rese~oir represenm a nor~w~d ~p~-@ ~version ~ect from Folsom L~e via a new outlet
sion of ~e 1.2 to 1.8 m~ Sit~ Rese~oir into ~e.at Mormon Isl~d D~e. Major offs~ stor~e ~
H~ter ~d Lo~ Creek Brains. Eider version of~e. ~e Deer Creek ~ea wo~d be ide~y s~ted to develop
rese~oir wo~d involve min~ environment~ im-some of ~e abund~t s~plm flow of ~e ~eri~
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River without the difficulties associated with Auburn A second tier ofoptions offers substantial water
Dam. Also, by diverting directly from Folsom Lake orsupply potential, but with greater environmental ira-
Lake Natoma, this project would avoid the principalpacts and/or economic costs that create some
conflicts with anadromous fish. Initial studies indicateuncertainty about their implementabili~ From a flood
a Deer Creek offstream storage project would be ex-control standpoint, enlarged Shasta, Auburn, and en-

the lower-cost options; order of size, these sites are:
pensive~with a unit storage cost several times that oflarged Millerton would provide important benefits.

¯ Enlarged Lake Berryessa, up to 11.5 mafadditional
Small to Medium O~tream Reservoirs offstream
(0.1 to 0.5 ma39

¯ Enlarged Lake Shasta, up to 10 mar additional
Two options fall into this range, the Red Bank onstream

Project and Clay Station Reservoir. The Red Bank
Project would consist of a 100 tafDippingvat Reset-* Glenn Reservoir, 6.7 to 8.7 mafofi~tream

voir and a 250 tar Schoenfield Reservoir, Dippingvat° Auburn Reservoir, 0.85 to 2.3 mafonstream.
Reservoir would store water from the South Fork of̄ Thomes-Newville Reservoir, 1.4 to 1.9 maf
Cottonwood Creek. Water would be diverted from onstream
Dippingvat to Schoenfield Reservoir where it would. Enlarged Millerton Lake, 0.5 to 0.9 mafaddidonal
later be released down Red.Bank Creek to the Sacra- onstream
mento River. Water could also be released via a new̄

Enlarged Folsom Lake, 0.37 mar additionalconveyance facility to the Coming Canal or the
Tehama-Colusa Canal.

onstream
A third group of options includes one that may beThe Clay Station Reservoir is a smaller version of

a viable alternative, but for which limited informationDeer Creek Reservoir, but 8 miles south. Its storageis available. This site might be characterized as "wor-
cost would be similar to Deer Creeks (very high). Withthy of a second look" in the future:
its small size and high cost, Clay Station Reservoir of-
fers little promise as a statewide water supply option.    ¯ Kosk Reservoir, 0.8 mar onstream

Operation of Storage Upstream of
Likely Storage Options Upstream the Delta
of the Delta Additional surface storage upstream of the Delta

Figure 6G-1 shows the location of likely surfacewould be effective if operated with major water sup-
storage options upstream of the Delta. This reappraisalply reservoirs in the basin, principally Shasta, Oroville,
of surface reservoir options identified several that ap-and Folsom. Under California’s water rights hierarchy,
pear to offer the best prospects. Foremost in this group,new facilities may store surplus water that is not needed
in order of size, are: to meet preexisting rights. Since virtually no surplus
¯ Colusa Reservoir, 3..0 mafoffstream water is available during the irrigation season, storage

in new projects will be limited to late fall, winter, and¯ Thomes-Newville Reservoir, 1.4 to 1.9 mafearly spring. Most storable flow occurs during periodsoffstream of flood runoff. But, under certain conditions, coordi~
° Sites Reservoir, 1.2 to 1.8 mafoffstream nated operation with other reservoirs may allow
¯ Dutch Gulch Reservoir, 0.7 to 0.9 mar onstreamoccasional storage of fall releases made to achieve man-

(or its upstream alternative, Fiddlers Reservoir, 0.2datory flood reservations.
to 0.5 mar) A Sites Reservoir offstream storage facility provides

¯ Tehama Reservoir, 0,5 to 0.7 mafonstream, a good example of how a Sacramento Valley surface
¯ W’mg Reservoir, 0.25 to 0.5 maf onstream (withproject could be operated in coordination with other

facilities. A large Sites Reservoir would provide t.8 marBattle Creek diversion) of storage in the foothills west 0f Maxwell. The large
° Red Bank Project, 0.35 maf onstream andSites Reservoirwouldbeformedbyconstructingtwo

offstream main dams on Stone Corral and Funks Creeks and
¯ Millville Reservoir, 0.1 to 0.25 mar onstream several smaller saddle dams along the low divide be-
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FIGURE 6G-1
Likely Reservoir Sites Upstream of the Delta

¯ Millerton Enlargement
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tween Funks and Hunters Creeks. A larger Colusawater supply reliability with minimal environmental
Reservoir, providing 3.0 mar.of storage, would beand social impacts. For each potenti~ reservoir site,
formed by extending the large Sites Reservoir norththe capital cost and the potential environmental im-
into the Hunters and Logan Creek drainages, pacts were evaluated and rated at a general level, to

In this configuration, water would be delivered todetermine the sites that should be studied in more detail.
the reservoirs by winter use of the existing Tehama- The Department’s study examined a wide range
Colusa Canal (which diverts from the river near Redof storage volumes to evaluate potentially feasible
Bluff), and by diversion to the Glenn-Colusa Canal atprojects based on the future long-term availability of
its pumping site near Hamilton City. A new pumpedexports from the Delta and the level of SWP contrac-
intertie would deliver Glenn-Colusa Canal water totor participation. Multiple reservoir sizes were
the Tehama-Colusa Canal, from which it. would beconsidered for’each alternative dam site. Volumes from
lifted a maximum of about 320 feet to Sites/C01usa0.1 to 2 mar of storage were classified into four cat-
Reservoirs. In a recently conceived alternative, use ofegories (Table 6G-6).
the existing diversions would give way in favor of a All sites were evaluated using the same level of
single pumping facility south of Chico Landing; detail for each of the screening criteria. To evaluate

Most of the water available for storage in Sites/and compare engineering characteristics, site informa-
Colusa Reservoirs occurs from December throughtion was gathered and construction costs were
April. Whenever water and energy were available, op-estimated for each alternative. For this purpose, a ba-
erators would make maximum effort to fill Sites/Colusasic design configuration was selected. The storage
Reservoirs. As seasonal water demands increased, wa-capacity and water surface area of each reservoir op-
ter would be withdrawn from system reservoirs to meettion were calculated. The embankment volumes of each
needs. Since water would have to be pumped to Sites/main dam and associated saddle dams were calculated.
Colusa Reservoirs, the optimum operation would fa- The capital costs of all reservoir options were based
vor making the initial withdrawals from onstreamon previous cost estimates developed for LBG facili-
reservoirs with higher ratios of inflow to storage (whichties. Sixteen categories of cost, including mitigation
are more likely to refill in the subsequent wet season),costs, were calculated. A rating of the alternatives was
At some point, depending on the dryness of the yearperformed based on estimated capital costs per acre-
and the storage status of other facilities, withdrawalsfoot of storage. A unit storage cost of above $3,000/af
would be made from Sites/Colusa Reservoirs. To mini-was deemed impractical and was used as a threshold
mize potential impacts of the existing diversions onfor deferring alternative sites. After deferring alterna-
the Sacramento River fisheries, Sites/ColusaReservoirsrives with unit storage costs above the. practical
would release water back into the two canals in ex-threshold, 34 dam sites in 18 watersheds were retained.

change for reduced diversions from the river. Sites/for further consideration. The unit storage cost for each
Colusa Reservoirs would be drawn to minimum poolof these options w. as translated to a 100 point system,
only in a prolonged series of drought years. In wetterwith 0 points assigned to a unit cost of $3,000/af of
periods, they would operate within a narrow range nearstorage and 100 points to a unit cost of $0/af 0f stor-
full. age. Unit costs and scores were developed for several

reservoir sizes at each site to cover the potential range
of storage volume available at each dam site. The unitEvaluation of Off-Aqueduct Storage costs and scores for the reservoir sizes evaluated at eachOptions South of the Delta
dam site were plotted versus volume: Curves were

In the Department’s recent alternative South ofdrawn through the points associated with each dam
Delta offstream reservoir reconnaissance study, all gee-site to allow interpolation of this information for the
graphically possible off-aqueduct reservoir sites on theentire range of storage volumes available at each dam
west side of the San Joaquin Valley were identified,site.
Alternatives on the east side of the valley were not con- Environmental criteria were developed by the De-
sidered due to the excessive cost of conveyancepartment and DFG. Factors affecting the degree of
connections to the California Aqueduct. Ninety-sevenenvironmental sensitivity of each alternative reservoir
dam sites in 46 watersheds were evaluated (Table 6G-site wereidentified by the Department and DFG, and
5) for their potential to economically improve SWP’were reviewedby USFWS. Six environmental screen-
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TABLE 6G-5
Watersheds Identified for South of the Delta Storage Options

Watershed County Watershed County
Arroyo Ciervo Fresno Los Banes Creek Merced
Arroyo Hondo Fresno Los Gates Creek Fresno
Bitter Creek Kern Los Vaqueros Contra Costa
Bitterwater Valley Kern/San Luis Obispo McKittrick Valley Kern
Broad Creek Kern Moreno Gulch Fresno
Buena Vista Creek Kern Mustang Creek Merced
Buena Vista Lake Bed Kern Oresdmba Creek Stanislaus
Cantua Creek Fresno Ordgalita Creek Merced
Capita Canyon Fresno Oso Creek Stanislaus
Castac Valley Kern/Los Angeles Packwood Creek Kern
Deep Gulch San Joaquin Panoche Hills Fresno
De[ Puerto Canyon Stanislaus Panoche/Silver Creek Fresno/San Benito
Garzas Creek Stanislaus Pleito Creek Kern
Hospital Creek San Joaquin/Stanislaus Quinto Creek Merced/Stanislaus
Ingrain Canyon Stanislaus Romero Creek Merced
Ingrain/Kern Canyon Stanislaus Salado Creek Merced
Kellogg/Marsh Creek Contra Costa Salt Creek Fresno/Kern/Merced
Kern Canyon Stanislaus San Emigdio Creek Kern
Ketdeman Plain Kings’ San Luis Creek Merced
Laguna Seca Creek Merced Sandy Creek Kern
Little Panoche Creek Fresno Santiago Creek Kern
Little Salado/Crow Creek Stanislaus Sunflower, Kings/Kern
Lone Tree Creek San Joaquin W’ddcat Canyon Merced/Fresno

ing criteria were developed. The environmental re-10 alternative reservoir sites were chosen for each size
sources information varied among the sites. To ensurecategory to provide a reasonable variety of alternatives
.that all the options were evaluated equally, all sites usedfor further evaluation. Using the previously defined
the Same level of detail for each of the screening crite-categories, altemadve reservoir sites were selected for
ria: In evaluating wedand resources, USFWS Nationalfurther evaluation. Many of the alternative reservoir
Wetland Inventory Maps were used to determine wet-sites were selected in more than one size category. As
land abundance and types at each site. USGS nationalshown in Table 6G-g, a total of 19 reservoir sites in 10
aerial photographic project maps were used to deter-watersheds were retained for more analysis after the
mine vegetation community abundance and type, andinitial evaluation. These sites are shown in Figure 6G-2.
to obtain additional habitat and land use information.
Listed and candidate animal and plant species thatLikely Off-Aqueduct Storage Options
could potentially be found at the alternative sites wereSouth of the Delta
identified by searching the 1995 DFG Natural Diver-

After a general evaluation, five sites appeared mostsity Data Base, the fifth edition of the California Nadve
Plant Society’s inventory of rare and endangered vas- favorable: Garzas Creek, Ingrain Canyon, Los Banes
cular plants of California,~ and DFG Wildlife Habitat
Relationships System publications.                                     TABLE 6G-6

Economic and environmental sensitivity scores South of the Delta Off-Aqueduct Storage.
were given equal weight and combined to develop a
score for each alternative reservoir site ranging from 0 Size Categories

to 100 points. Table 6G-7 shows the combined rank- Category , Storage (ma29
ing of each alternative reservoir site, sorted by the four

Small: 0.1 - 0.25storage volfime categories. Alternative reservo~ sites Medium 0.25- 0.5
with the highest scores were selected for each storage Large 0.5- 1.0
volume Category. A minimum of 4 anda maximum of Very Large 1.0 - 2.0
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Creek, Orestimba Creek, and Panoche/Silver Creek.able. Sunflower Reservoir site lies 10 miles west of the
As all past studies have shown, Los Banos Creek is theCalifornia Aqueduct and would require an extended
most cost-effective reservoir option considered for sizeconveyance system. Significant seepage rates would also
categories above 250 tar. The next least costly reser-be expected at this site. These two sites (in addition to
voir option ranges from about 50 percent moreRomero Creek, Kettleman Plain, and Quinto Creek)
expensive for the medium size category up to abouthave small storage capacities. Preliminary modeling
100 percent more expensive for the very large category,results indicate that the range of additional surface stor-
In the environmental analysis, however, the Los Banosage south of the Delta should be around 500 to
Creek option received the lowest environmental sensi-2,000 ta£.. The cumulative environmental impacts of
tivity rating (or had the most potential impacts) ofaltseveral small to medium reservoirs needed to attain
alternative sites. This could be because there is a greaterthe storage capacity would probably be greater than
level of knowledge about this reservoir site. Los Banosone larger reservoir. Therefore, the small to medium
Creek was the highest ranked reservoir option basedsize reservoir options were deferred.
on total combined rating for reservoir sizes above Enlarging San Luis Reservoir has been considered
250 taf. for additional storage, but because of engineering and

A reservoir at Little Salado-Crow Creekwould have economic criteria, this has been deferred. The integ-
a high surface area to storage volume ratio. There wouldrity of an enlarged San Luis Dam has been questioned,
be high evaporation losses, making the site unfavor-and the cost would be high.

TABLE 6G-8

Retained Off-Aqueduct Storage Options
South of the Delta

Watershed              Dam Site                         Reservoir Size Category

Small          Medium         Large        Very Large

Garzas Creek 104 X X X
105 X X
106 X X
107 X
108 X
109 X

Ingram Canyon 37 X X

Kettleman Plain 99 X

LBG/Los Banos Creek 181 X X X X

Little Salado/Crow Creek 63 X

Orestimba 170 X X
171 X X X

Panoche/Silver Creek 111 X
112 X X
114 X X X X
45 X

Quinto Creek 54 X

Romero Creek 56 X

Sunflower 177 X
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FIGURE 6G-2
Off-Aqueduct South of the Delta Watershed Sites
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Operation of Off-Aqueduct Storage
South of the Delta voir would be similar to that of San Luis Reservoir,

To illustrate how south of Delta offstream storageexcept that LBG would retain about one half to two-
would operate, LBG Reservoir is used as a model. Thisthirds ofits storage in average years to improve drought
example treats LBG as an SWP facility. To meet CVPyear water supply reliability of the S-W’E
service area needs, USBR could participate with the.    During periods of low Delta inflow, LBG would
Department in this project. .. provide water supplies south of the Delta to reduce

LBG would be located on Los Banos Creek 6 milesthe demand for Delta exports. Added flexibility could
west of the California Aqueduct in the Los BanosVal-permit the SWP to take advantage of seasonal and
ley area. The main damsite would be about 80 milesshort-term water quality improvements to enhance the
south of the Delta. Facilities would consist of a storagequality of delivered supplies. The 1.73 mar LBG Res-
reservoir with associated pump-generating plants and ervoir examined in the 1990 feasibility study would
conveyance channels. Delta winter flows would beoperate through a range of about 550 to 750 tafeach
conveyed through the California Aqueduct and year, filling in the early spring and releasing water to
pumped into LBG for storage. Operation of the reser-the California A~ ueduct between May and September.
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Opnons for Meeting
Future Water Needs in

Coastal Regions of California

~ his chapter covers the coastal hydrologic regions of the State: the North Coast,
San Francisco Bay, Central Coast, and South Coast (Figure 7-1). These fourI regions make up 29 percent of the State’s land area and were home to 78

percent of the State’s population in 1995.

FIGURE 7-1
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FIGURE 7-2

North Coast Hydrologic Region
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North Coast
Hydrologic Region

Description of the Area City, Yreka, Eureka, Fort Bragg, Ukiah, Santa Rosa,
and Rohnert Park. Table 7-1 shows the 1995 popula-

The North Coast Region comprises the Pacifiction and irrigated crop acreage in the region and 2020
Ocean coastline from Tomales Bay to the Oregon bor-forecasts.
der, extending inland to the crest of coastal watersheds.
The region includes all or large portions of Modoc,
Siskiyou, Del Norte, Trinity, Humboldt, Mendocino,Water Demands and Supplies
Lake, and Sonoma Counties. Small areas of Shasta, Because of the water dedicated to the North
Tehama, Glenn, Colusa, and Marin Counties are alsoCoast’s wild and scenic rivers, environmental water use
within the North Coast Region (Figure 7-2). comprises the majority of the total water demand in

Most of the region is comprised of rugged moun-the North Coast Region. Water shortages are expected
tains; the dominant topographic features are theto occur only under drought conditions, as shown in
Klamath Mountains and the Coast Range. MountainTable 7-2. These water shortages will be mostly in the
elevations range from 5,000 feet along the coast to moreUSBR’s Klamath Project’s service area and in some
than 8,000 feet in the Klamath River watershed. Vat-small coastal communities.
ley areas include the high plateau of the Klamath River Three existing projects provide much of the North
Basin in Modoc County, the Eureka/Arca~a area,Coast’s developed surface water supply--USBR’s Kla-
Hoopa Valley in Humboldt County, Anderson Valley;math Project, Humboldt Bay Municipal Water
the Ukiah area, Alexander Valley; and the Santa RosaDistrict’s Ruth Lake, and USACE’s Russian River
Plain. Project. The primary water storage facilities of USBR’S

Precipitation in the region varies depending onKlamath Project are Upper Klamath Lake, Clear Lake,
location and elevation. In the Modoc Plateau of theand Gerber Reservoir. This project was authorized by
Klamath River Basin, annual precipitation averages 10the Secretary of the Interior in 1905, and is one of the
inches, while higher elevation lands of the Smith RiverWest’s earliest reclamation projects. The project’s pri-
Basin in Del Norte County average more than 100mary purpose is to store and divert water for
inches of rain per year. The southern portion of theagricultural use. The project service area includes more
region is drier; Santa Rosa averages about 29 inches ofthan 230,000 acres of irrigable lands in Oregon and
rain annually.

Most land area in the North Coast Region is for-
est or range land. Irrigated agriculture is concentrated

TABLE 7-1

in narrow river valleys such as the Russian River Valley
Population and Crop Acreage

in Sonoma Count~ and on the high plateau of the Populatt’on Im4gated Crop Acreage
Klamath River Basin. The primary crops are pasture, (thousands) (thousands ofaeres)

grain, alfalfa, wine grapes, truck crops, and nursery 1995 606 323
stock. Principal cities in the region include Crescent 2020 835 335
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TABLE 7-2

North Coast Region Water Budget (taf)a

1995 2020

Average Drought Average Drought

Water Use
Urban 169 177 201 212
Agricultural 894 973 927 1,011
Environmental 19,544 9,518 19,545 9,518
Total 20,607 10,668 20,672 10,740

Supplies
Surface Water 20,331 10,183 20,371 10,212
Groundwater 263 294 288 321
Recycled and Desalted 13 14 13 14
Total 20,607 10,491 20,672 10,546

Shortage 0 177 0 194
a Water use/supply totals and shortages may not sum due to rounding.

California. The project also serves four national wild-ity Dam and the 2.4 mafTrinity Lake on the upper
life areas--the Lower Klamath, Tule Lake, Clear Lake,Trinity River, Lewiston Dam, the 10.7-mile Clear
and Upper Klamath Refuges. Creek Tunnel that begins at Lewiston Dam and ends

The 48 taf Ruth Lake is Humboldt Bay Munici- at Whiskeytown Lake in the Sacramento River Basin,
pal Water District’s water storage facility on the MadSpring Creek Tunnel, and Spring Creek Powerplant.
River. Downstream Ranney collector wells capture Exports from the Trinity River to the Sacramento
water released from Ruth Lake for distribution in theRiver Basin began in 1963. From 1980 through 1995,
Eureka-Arcata-McKinleyville area. Humboldt Bay Trinity River exports averaged 825 taf annually. In
MWD is a water wholesaler with seven municipal, twoI98 I, the Secretary of the Interior increased instream
industrial, and about 200 miscellaneous water custom-flow requirements in the Trinity River from 120 tar to
ers. 287 taf in drought years, and 340 tar in wet years. In

The Trinity River Division of the CVP develops 1991, the Secretary of the Interior amended the 1981
supply for export to the Central Valley and does notdecision, directing that at least 340 tafbe released into
deliver water in the North Coast Region. USBR con-the Trinity River for water years 1992 to 1996, pend-
structed Trinity River facilities in the early 1960s toing completion ofa USFWS instream flow study. In
augment CVP water supplies in the’ Central Valley.1992, CVPIA mandated that the secretarial decision
The principal features of the Trinity Division are Trin- remain in place until the instream flow study was com-

USBR’ s Anderson-Rose Dam

is located on the Lost River
in Oregon, just north of the
statellne. This Klamath
Project facili~ diverts water
to serve im4gatlon needs on
the bed of the former Tule
Lake in California and
Oregon.

Courte~ of USBR
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Trinity Dam and Trinity
Lake. Releases ~om the
reservoir are reregulated at
Lewiston Dam, 7 miles
downstream on the Trinity
River. At Lewiston, water is
either released back to the
Trinity River or diverted
through the Clear Creek
Tunnel into the Sacramento
River Basin.

Courtasy of USBR

pleted, at which time the study’s recommendationsThe Lost River sucker is native to Upper Klamath Lake
would be implemented. Currently, a draft Trinity Riverand its tributaries, and the 8hormose sucker is found
flow evaluation report recommends that 815 taf, 701in the Lost River, Clear Lake, Tule Lake, and Upper
tar, 636 taf, 453 taf, and 369 taf be released in theKlamath Lake. Both species spawn during the spring.
Trinity River during extremely wet, wet, normal, dosHigher water levels in Upper Klamath Lake have been
and critically dry years, respectively. The water yearidentified as an aid to recovery of these fisheries. Coho
types are based on Trinity Lake inflow, and steelhead were recently listed, and water supply

Lake Mendocino on the East Fork Russian Riverimplications will not be known until management
near Ukiah and Lake Sonoma on Dry Creek nearplans are completed and recovery goals are established.
Geyservil~e are the water storage facilities of USACE’s To address the need for greater certainty in project
Russian River Project. Sonoma County WA receivesoperations, USBR began preparing a long-term Kla-
most of the water from this project and delivers aboutmath Project operations plan in 1995. Difficult and
29 taf/yr to Santa Rosa, Rohnert Park, Cotati, andcomplex issues have delayed completion of the long-
Forestville in the North Coast Region, and another 25term plan. USBR has issued an annual operations plan
taf/yr to Novato, Petaluma, the Valley of the Moon,each year since 1995 as it continues the development
and Sonoma in the San Francisco Bay Region. Theof the long-term plan. The Klamath River Compact
Russian River Project also regulates flow in the Rus-Commission is facilitating discussions on water man-
sian River for agricultural, municipal, and instreamagement alternatives to address ESA and water supply
uses within Mendocino and Sonoma Counties, andneeds. This three-member commission was established
municipal uses in Marin County. Water is divertedby an interstate compact ratified by Congress in 1957
from the Eel River into Lake Mendocino throughto facilitate integrated management of interstate wa-
PG&E’s Potter Valley Project. ter resources and to promote intergovemmental

cooperation on water allocation issues. Members in-
clude a representative from the Department, theLocal Water Resources

Management Issues Director of the Oregon Water Resources Department,
and a presidentially-appointed federal representative.

Klamath River Fishery Issues Trinity River Fish and Wildlife

The primary water management issue in the Yda-Management Program

math River Basin is the restoration offish populations Following completion of the Trinity River Divi-
that include listed species such as the Lost River andsion, fish populations in the Trinity River Basin
shortnose suckers, coho salmon, and steelhead trout,declined dramatically. The Resources Agency estab-
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lished a statewide task force in 1967 to develop a pro-collector can produce about 7.8 taf/yr, but the capac-
gram to improve the fishery. One of the mostity of the existing transmission and storage system is
significant problems identified was sedimentation fromonly about 4.5 tar/yr. Crescent City is planning to add
Grass Valley Creek. In 1980, PL 96-335 authorizednew mains, a new pump station, one additional booster
construction of Buckhorn Mountain Debris Dam onpump, and a 4 mg storage tank. The upgraded sys-
Grass Valley Creek, as well as sediment dredging intem will produce 5.9 taf/yr. The estimated cost is
the Trinity River below Grass Valley Creek. In 1984,$6.7 million. A second phase will make additional dis-
PL 98-541 authorized the Trinity River fish and wild-tribution system improvements. These new conveyance
life management program, providing $ 57 millionfacilities should meet the city’s demands through 2007.
(excluding Buckhorn Mountain Debris Dam and sedi- The Weaverville Community Services District in
ment dredging costs) to implement actions to restoreTrinity County serves about 1,370 metered connec-
fish and wildlife populations in the Trinity River Ba-tions. In average water years, demands within the
sin to pre-project levels. Congress authorized andistrict are met with existing.supplies from East and
additional $15 million in 1993 for purchase ofWest Weaver Creeks. During drought years;%cater ra-
17,000 acres of the Grass Valley Creek watershed andtioning and building moratoria were needed to reduce
its restoration. PL 104-143 in 1996 extended the pro-demands. In response to drought year demands, a new
gram three years to October 1, 1998, to allow diversion of up to 3 cfs from the Trinity River was
expenditure of funds previously authorized, but notconstructed. The Weaverville area is expected to have
yet appropriated. Reauthorization of the program isadequate water supplies to meet demands over the next
currently under consideration. A draft EIS/EIR is be-30 years.
ing prepared to address proposed streamflow changes Trinity County Water Works District #1 is inves-
and mainstem Trinity River restoration actions, tigating a wastewater treatment and reuse project for

’ the Hayfork area. The project would treat wastewater
Water Supplies of Small Coastal Communities from individual septic systems, and would eliminate

The town of Klamath in Del Norte County ob- septic tank seepage into local streams. The district’s
tains its water supply from two wells adjacent to thefeasibility study identified a gravity collection system
Klamath River. During the recent drought, seawaterwith an oxidation pond and two marsh areas as the
intrusion forced the K[amath Community Servicesbest alternative for wastewater treatment. The project
District to use an upstream private well in the Hoopawould treat 160 afannually, and could reuse the treated
Creek drainage area. All of Klamath’s water supply inwater to irrigate agricultural lands or landscaping. The
1995 was obtained from the private well, and no wa-estimated cost for this project is $8.9 million.
ter was pumped from Klamath CSD’s wells. In 1996, The City of Rio Dell obtains its water from awell
Klamath CSD pumped adequate supplies from its twoon property owned by the Eel River Sawmill. Pen-
wells, but seawater intrusion during dry years remainstachlorophenol has been detected in groundwater on
a problem. Although the Hoopa Creek drainage areathe sawmill’s propert~ although not in the city’s well
has adequate groundwater supplies, Klamath CSD doeswater. Rio Dell is planning to find an alternate water
not have funding to construct an additional well. supply. The most likely alternative will be treated sur-

The town of Smith River, 13 miles north of Cres-face water from the Eel River.
cent Cit~ takes its water supply from wells along The City of Fort Bragg experiences water short-
Rowdy Creek. Water demands in the town of Smithages during drought years. The water sources for the
River are expected to exceed the capacity of the town’scity are direct diversions from surface water sources.
delivery system if projected growth occurs. (GrowthDuring average rainfall years, water rights from these
from Brookings, a popular Oregon retirement and re-sources are enough to meet the city’s demands to the
sort community about 7 miles north of the stateline,year 2020. Supplies are inadequate to meet the city’s
is affecting Smith River.) There are no plans to up-needs during drought years and to maintain instream
grade Smith River’s water system, flows required by DFG. DHS issued an order in 1991

Growth in the Crescent City area is creating theprohibiting new demands on the water system until
need to expand the city’s water distribution system,adequate water supplies were developed. The city has
which consists ofa Ranney collector well on the Smithbeen investigating alternate sources of supply and has
River and a 50,000 gallon storage tank. The Ranneyimplemented water conservation measures and im-
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proved existing system capacity. As a result of thesewater supply shortages are forecasted for the basin, al-
corrective measures DHS lifted its order in 1993 andthough actions taken to protect recently listed
allowed the city to begin issuing building permits, sub-salmonids may affect existing or future diversions. A
ject to restrictions including no net increase inRussian River Action Plan, prepared by Sonoma
consumption and implementation of a conservationCounty WA in 1997, provides a regional assessment
and retrofit program, of needs in the watershed and identifies fishery habi-

Groundwater use is constrained by limitations intat restoration projects in need of funding. The
aquifer storage capacity in some coastal communities.SWRCB is promoting a coordinated Russian River
Wells* on low terraces near the ocean are potentiallyfishery restoration plan.
vulnerable to seawater intrusion. The town of In 1997, NMFS listed coho salmon and steelhead
Mendocino is completely dependent on individualtrout as threatened along part of the Central Califor-
wells. A local survey conducted in 1986 showed thatnia coast that includes the Russian River Basin. SCWA,
about 10 percent of the wells go dry every year and 40USACE, and NMFS signed an agreement to establish
percent go dry during drought years. In 1986, watera framework for consultation under Section 7 of the
was trucked in during summer and fall to help reduceESA. Under the agreement, USACE and SCWA will
shortages. The Mendocino Community Services Dis-jointly review information on their respective Russian
trict investigated new water supply sources, includingriver activities to determine impacts to critical habitat.
wells in the Big River aquifer and desalting. To date, The Eel-Russian River Commission, composed of
no acceptable water source has been identified. In 1990,county supervisors from Humboldt, Mendocino,
town residents approved developing a public waterSonoma, and Lake Counties, provides a regional fo-
system if an adequate water source could be found,rum for agencies and groups to stay informed about
The district is currently collecting hydrogeological dataprojects and issues affecting the Eel and Russian Riv-
on the groundwater basin, ers. The Commission, formed in 1978 under a joint

powers agreement among the counties, was to aid in
Russian River Environmental Restoration Actions implementing an Eel-Russian River watershed conser-

Water quality issues and barriers to fish migrationration and development plan. A regional issue currently
are of concern in the Russian River Basin. No futurebeing addressed by the Commission is the review of a

Currently, the main water
issues in the Russian River

Basin are related to
watershed management

and environmental
restoration programs.
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draft 10-year fishery study by PG&E for its Potter sion system improvements allowing for delivery of up
Valley Project, required as a condition of a 1983 FERCto 167 taf/yr. The final EIR is scheduled for late 1998.
license.

Potter Valley ProjectA proposed SCWA project would allow fish pas-
sage through a flood control structure on Matanzas PG&E’s Potter Valley Project diverts water from
Creek in downtown Santa Rosa. The original struc-the Eel River to the East Fork of the Russian River for
ture, constructed in the early 1960s, does not permitpower generation and downstream agricultural and
fish passage. SCWA also proposes to install a fish lad-municipal water use. The project consists of Scott Dam
der at Healdsburg Dam on the Russian River, a smalland Lake Pillsbury, Van Arsdale Diversion Dam and
flashboard dam used in the summer to create a recre-tunnel, and the Potter Valley Powerplant. The project
ational pool. diverts about 159 taf of water and generates about 60

City of Santa Rosa Long-Term Wastewater Project million kWh of energy annuall~ Releases are limited
by required minimum flows on the Eel River and by

In early 1998 the City of Santa Rosa selected anrequirements to maintain reservoir levels in Lake
alternative that would recharge depleted geothermalPillsbury during the summer recreation season. Un-
fields in the Geysers area with treated wastewater asder the FERC relicensing process, PG&E has been
part of its long-term wastewater recycling program,meeting with State and federal agencies to develop
Under this alternative, the Santa Rosa Subregional Sew-instream flow recommendations for the Eel River.
erage System will pump about 11 mgd of treatedDiversions from the Eel River are being evaluated in
wastewater to the Geysers for injection into thelight of ongoing efforts to restore Eel River fisheries.
steamfields. This amount is a little less than half thePG&E is also trying to secure additional operating
flow the treatment system is expected to produce atrevenue from the project and, if unsuccessful, may sell
buildout. The project is intended to eliminate weather-or abandon the project. Local agencies have expressed
related problems of the city’s current disposal systeminterest in acquiring the project if it were to be sold.
and minimize treated wastewater discharges into the
Russian River. The project consists of pipeline trans-

Water Management Options formission and distribution systems and is scheduled to
be completed by2001, the North Coast Region

Table 7-3 shows a list of options for the region,
SCWA Water Supply and Transmission Project and the results of an initial screening of the options.

Sonoma County WA is preparing an EIR to de-The retained options were evaluated (Table 7A-1 in
vel0p additional water supply as well as to expand itsAppendix 7A) based on a set ofietxed criteria discussed
.existing water transmission system. The project willin Chapter 6.
be implemented under an agreement among SCWA
and its water contractors. Components of the projectWater Conservation

include water conservation, increased use of the Rus- Urban. Urban water demand forecasts for 2020 as-
sian River Project, and expansion and revised operationsume that BMPs are in place; consequently, only those
oI~the water transmission system. Water conservationurban conservation efforts which exceed BMPs are con-
is planned to provide additional savings of 6.6 taf. Thesidered as options. All urban conservation options were
Russian River component will allow for increasing di-retained. Reducing outdoor water use to 0.8 ETo in new
versions from 75 to 101 tar from the Russian River.development would attain about 1 tar/yr of depletion
This increased use of the Russian River Project waterreductions, while extending this measure to include ex-
will require construction of additional diversion andisting development would reduce depletions by about 6
conveyance facilities, including new diversion loca-taf/yr. Reducing residential indoor water use to 60 and
tions. The project will .continue to meet existing55 gpcd would reduce depletions by 3 and 6 taf/yr, re-
instream flow requirements associated with thespectively. Reducing commercial, institutional, and
SWRCB’s Decision 1610 and will require new waterindustrial water use an additional 3 and 5 percent would
rights applications to SWRCB. The.transmission sys-attain 1 and 2 taf/yr of depletion reductions, respectively.
tern component has two elements--facilities to divertReducing distribution system losses to 7 and 5 percent
and treat Russian River Project water, and transmis-would reduce depletions by 6 and 9 tar/yr.
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TABLE 7-3
North Coast Region List of Water Management Options

Op~on Retain Reason for Deferral
or D~er

Conservation

UrbanOutdoor Water Use to 0.8 ET°

Retain

Indoor Water Use Retain

Interior CII Water Use Retain

Distribution System Losses Retain

Agricultural

Seasonal Application Efficiency Improvements Defer No significant depletion reductions attainable.

Flexible Water Delivery Defer No significant depletion reductions attainable.

Canal Lining and Piping Defer No significant depletion reductions attainable.
Tailwater Recovery Defer No significant depletion reductions attainable.

Modify Existing Reservoirs/Operations

Ewing Reservoir Enlargement Defer No demand for additional supply.

New Reservoirs/Conveyance Facilities

Boundary Reservoir - Lost River, Oregon Defer Low yields, high cost.

Beatty Reservoir - Sprague River, Oregon Defer High cost, archaeological resources, and sucker
habitat.

Chiloquin Narrows Reservoir - Sprague River, Defer High cost, archaeological resources, and sucker
Oregon habitat.

Montague Reservoir - Shasta River Defer Low yields, high cost.

Grenada Ranch Reservoir - Little Shasta River Defer Low yields, poor dam site and reservoir geology,
high cost.

Table Rock Reservoir - Little Shasta River Defer No surplus water, no local interest.

Highland Reservoir - Moffett Creek Defer Low yields, high cost.

Callahan Reservoir - Scott River Defer Low yields, high cost, no local interest.

Grouse Creek Reservoir - E.F. Scott River Defer Reservoir seepage, high cost, no local interest.

Etna Reservoir - French Creek Defer Low yields, high cost, no local interest.

Mugginsville Reservoir - Mill Creek Defer Low yields, excessive cost.

Various sites in Noyo/Navarro River Basins Defer No local interest in offstream storage; unfavorable
environmental conditions.

Long/Round/Aspen Valley Reservoirs - Defer Excessive capital cost, questionable reservoir
Klamath River geology.

Georgia-Pacific Wood Waste Disposal Site Defer Site not available.

Georgia-Pacific Replacement Site Defer Unfavorable geotechnical conditions.

Georgia-Pacific Site No. 3 Defer Unfavorable geotechnical conditions.

Newman Gulch Site Defer Unfavorable geotechnical conditions.

Large reservoir at Boddy Property Site Defer Excessive capital cost.

Smaller reservoir (at Boddy property site or Defer Excessive capital cost.
alternate location)

Waterfall Gulch Intake Improvement Defer Biological, instream flow concerns.

South Basin (City of Fort Bragg) Defer Water rights issues.
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TABLE 7-3

North Coast Region List of Water Management Options (continued)

Option Retain Reason for Deferral
or Oefer

Groundwater/Conjunctive Use
New wells Retain

Water Marketing

Water Recycling

City of Fort Bragg Defer Unfavorable costs due to lack of potential users
within a reasonable distance.

Desalting

Brackish Groundwater
City of Fort Bragg Project Retain

Seawater

City of Fort Bragg Project Defer Excessive cost.

Other Local Options

Statewide Options
-- -- See Chapter 6.

Agricultural. The 2020 agricultural water de- mainly because of high costs and relatively low yields.
mand forecasts assume that EWMPs are in place. AsCursory investigations of these projects were completed
with the urban water management options, only thoseby USBR, the Department, or the Oregon Water Re-
agricultural conservation efforts which exceed EWMPssources Department. Recent studies completed by the
are considered as options. Agricultural conservationCity of Fort Bragg identified potential onstream reset-
options were deferred from evaluation for this regionvoir sites in the Noyo River watershed; however, these
because they provide little potential to create new wa-sites were deferred due to environmental and economic
ter (reduce depletions), concerns.

Offstream Storage. USBR investigated three
Modifying Existing Reservoirs or Operations offstream reservoirs in Oregon’s Long, Aspen, and

Trinity County Water Works District # 1 has con- Round Valleys adjacent to Upper Klamath Lake. These
sidered raising Ewing Dam, which was designed to beoffstream storage plans were deferred due to high costs.
raised up to 12 feet to meet future water supply needs. In 1993, the City of Fort Bragg moved forward
Raising the dam 12 feet to increase reservoir capacitywith preliminary plans and work on an environmen-
from 800 af to 1.45 taf and modifying the spillwaytal impact report on what was then its preferred
and outlet works would cost $1.5 million. Plans tolong-term project, which included a 1.5 tafoffstream
enlarge the reservoir were halted when Hayforks pri-reservoir. Several promising locations were investigated,
mary employer (a lumber mill) closed, reducing thebut geotechnical investigations indicated that all ex-
district’s customer base by about 10 percent, cept one of the sites was unsuitable. Further detailed

investigations and cost estimates for the most favor-
New Reservoirs and Conveyance Facilities able site indicated the site was infeasible due to excessive

Onstream Storage. Eleven onstream reservoirs incosts. A smaller reservoir (about 1 tar) was evaluated,
the Klamath River Basin were evaluated and deferred,but was also not feasible.
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Groundwater Development or Conjunetlve Use Gulch and new surface water sources in the South
Surface water sources meet most of the water needsBasin. Lowering the intake structure at Waterfall Gulch

in the coastal regions. Communities with water short-would capture an additional 110 af/yr, but presents

age problems condnue to look for possible groundwaterbiological and instream flow concerns. New surface
water sources have been identified, but these sourcessources and well locations to provide adequate sup-

plies at reasonable cost. Although groundwater qualityhad water rights issues. ’

is generally good, supplies are limited by aquifer stor-
age capacity. For example, Fort Bragg began a testOptions Likely to be Implemented

in North Coast Regionprogram in 1994 to identify possible well sites, but no
significant groundwater supply was found. The city Water supplies are not available to meet all of the
has drilled test wells along the Noyo River about tworegion’s 2020 water demands in drought years. Drought
miles upstream of its mouth, and is studying the po-year applied water shortages are forecasted to be 194
tential development of a small production well. Ittar. No average year shortages are forecasted for 2020.
appears that the product water may be brackish. Ranking of retained water management options for

Water Recycling the North Coast Region is summarized in Table 7-4.
Table 7-5 summarizes options that can likely be imple-

The City of Fort Bragg had considered a watermented by 2020 to relieve the shortages.
recycling project which involved using tertiary treated The majority of shortages in the region are agri-
wastewater to replace potable water used at a lumbercultural and are expected to occur in the Klamath
processing plant. However, water conservation effortsProject area. The economics of crop production have
by the plant reduced its water demand by more thana major influence on the extent to which growers can
50 percent, rendering this option uneconomical. Otherafford drought year water supply improvements. Ad-
water recycling projects planned in the region wouldditional groundwater development is a possibility in
not generate a source of new supply from a statewidesome areas of the Klamath Project, but there are little
perspective. There are several projects planned whichdata available to evaluate this option. The ability to
would produce about 15 taf of recycled water annu-change cropping patterns in the northern part of the
ally to serve local water management needs forregion is limited by the area’s climatic conditions. There
agricultural, environmental, and for landscape irriga-are no quantifiable options available to meet agricul-
tion purposes, tural shortages.

Desaltlng Urban water conservation options could provide
18 taf/yr in water savings. Small communities along

Interest in desalting for Fort Bragg increased whenthe coast generally do not have the financial resources
feasibility studies showed it was economically competi-to construct major water supply projects, and there-
tire with storage alternatives. The city evaluated twofore will continue to investigate new groundwater
reverse osmosis alternatives--one involving seawater ¯

and one involving brackish water. Both plant designs
supplies.

would produce about 1 tafofpotable water in drought
years. Major cost components for the seawater plant
would include the ocean intake structure, feedwater
pipeline to the plant, and plant equipment. The brack-
ish groundwater plant would require wells, well field
collection piping, and a feedwater pipeline into the
plant. The city is conducting more detailed studies to
identify the location of brackish water sources and brine
disposal options.

Other Local Options

Fort Bragg has investigated other alternatives that
have not proven to be feasible. These alternatives in-
clude improving the city’s diversion from Waterfall
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TABLE 7-4

Options Ranking for North Coast Region

Optiona                  Ran~z    Cost ($/a~ Potential Gain (taft
Average    Drought

Conservation

Urban
Outdoor Water Use to 0.8 ETo - New Development Iv[ 750 1 1Outdoor Water Use to 0.8 ET° -New and Existing Development

M b 6 6
Indoor Water Use (60 gpcd) M 400 3 3
Indoor Water Use (55 gpcd) M 600 6 6
Interior CII WateLUse .(3%) M 500 1 1
Interior CII Water Use (5%) M 750 2 2
Distribution system Losses.(7%) M 200 6 6
Distribution System Losses (5%) M 300 9 9

Groundwater/Conjunctlve Use
New wells - Fort Btagg and other small coastal communities H 150 c c

, Agricultural Groundwater Development M b ~ ~

Desaltlng

Brackish Groundwater
City of Fort Bragg Project L 770 1 1

~ All or parts oft_he amounts shown for highlighted options have been included in Table 7-5.
b Data not available to quantify.
c Less than I taf.

TABLE 7-5

Options Likely to be Implemented by 2020 (taf)

North Coast Region

Average Drought

Applied Water Shortagea 0 194

Options Likely to be Implemented by 2020
Conservation -- 18
Modify Existing Reservoirs/Operations -- --
New Reservoirs/Conveyance Facilities -- --
Groundwater/Conjunctive Use -- --
Water Marketing -- --
Recycling -- --
Desalting -- --
Other Local Options -- --
Statewide Options -- --
Expected Reapplication -- --
Total Potential Gain -- 18

Remaining Applied Water Shortage 0 176
~ Majority of shortages in this region are agricultural. Most agricultural shortages in this region are expected to occur in the Klamath Project area.

¯ OPTIONS - COASTAL REGIONS 7-12

C--094280
(3-094280



The California Water Plan ~rlodate BULLETIN 160-98

7-13 OPTIONS - COASTAL REGIONS []

C--094281
C-094281



The California Water Plan Update BOLLETIN 160-98

FIGURE 7-3
San Francisco Bay Hydrologic Region
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San Francisco Bay
Hydrologic Region

Description of the Area TABLE7-6

The San Francisco Bay Region (Figure 7-3) ex- Population and Crop Acreage
tends from southern San Mateo County north to
Tomales Bay in Matin County, and inland to the PopulaHon Irrigated Crop Acreage

(thousands) (thousands of acres)confluence of the Sacramento and San Joaquin Rivers
near Collinsville. The eastern boundary follows the 1995 5,780 65

2020 7,025 65
crest of the Coast Range. The region includes all of
San Francisco and portions of Matin, Sonoma, Napa,
Solano, San Mateo, Santa Clara, Contra Costa, and.Water Demands and Supplies

Alameda Counties. The San Francisco Bay Region is Table 7-7 shows the water budget for the San Fran-
divided into the North Bay and South Bay planningcisco Bay Region. Environmental water demands,
subareas. Geographic features include the Marin andprimarily Bay-Delta outflow, account for most of the
San Francisco Peninsulas; San Francisco, Suisun, andSan Francisco Bay Region’s water use. Water demands
San Pablo Bays; and the Santa Cruz Mountains, Diablofor Suisun Marsh are also included in environmental
Range, Bolinas Ridge, and Vaca Mountains of thewater needs. As shown in the table, water shortages
Coast Range. Streams flow into the bays or to the Pa-are forecast only for drought years.
cific Ocean.

The climate within the region varies significantlyNorth Bay
from west to east. The coastal areas are typically cool Municipal and industrial water use wilt continue
and often foggy. The inland valleys and interior por-to grow as the population in the North Bay grows.
tions of San Francisco Bay are warmer, with aThe fastest growing communities have been munici-
Mediterranean-like climate. The average annual pre-palities in southwestern Solano County, such as
cipitation in the region is 31 inches, ranging from 13Fairfield and Benicia. Growth in the larger communi-
inches in Pittsburg to 48 inches at Kentfield, north-ties of Sonoma and Napa Counties, such as Petaluma
east of Mount Tamalpais in Matin County. and Napa, has also been fairly rapid (more than 20 per-

The region is highly urbanized and includes thecent during the 1980s). Growth in Matin County has
San Fran~~ been slow, initially because of a water connection mora-
~~tly inthe north, with’i-- totium administered by Marin Municipal WD in the
iNg-p~edominant crop being grapes. In the south, more1970s, and more recently because of the lack of land
than half of the irrigated acres are in high-value spe-available for development. Matin MWD imposed a
cialty crops, such as artichokes or flowers. Table 7-6second moratorium on water service connections dur-
summarizes the population and irrigated crop acreageing the 1987-92 drought. It was lifted in 1993 with
for the region, the adoption of an integrated water supply program
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TABLE 7-7
San Francisco Bay Region Water Budget (taf)a

1995 2020

Average Drought Average Drought

Water Use
Urban 1,255 1,358 1,3!7 1,428
Agricultural 98 108 98 108
Environmental 5,762 4,294 5,762 4,294
Total 7,115 5,760 7,176 5,830

Supplies
Surface Water 7,011 5,285 7,067 5,417
Groundwater 68 92 72 89
Recycled and Desalted 35 35 37 37
Total 7,115 5,412 7,176 5,543

Shortage 0 349 0 287
a Water use/supply totals and shortages may not sum due to rounding.

and the signing of a new Russian River water supply° Sonoma County WA, which wholesales water
contract, throughout Sonoma and Marin Counties, is fore-

The Suisun Marsh is the only managed wetland casting no water shortages through 2020, and is
in the North Bay that requires deliveries of fresh wa- not looking at water supply reliability enhance-
ter. Its annual applied water demand is expected to ment options.
remain constant at 150 tar. Other environmental de-° Marin MWD was once one of the most vulner-
mands include instream flows in Walker and Lagunitas able water suppliers in the State. The district has
Creeks in Marin County. negotiated a supplemental water supply contract

Table 7-8 lists major water suppliers within the with Sonoma CountyWA for 10 tafand now ex-
North Bay, along with their primary sources of sup- pects to have a more reliable supply as it develops
ply. Each of these agencies serves a number of infrastructure to import additional Russian River
municipalities or water retailers. Groundwater and water.
small locally developed supplies serve the remainder’ ° Napa County Flood Control and Water Conser-
of the water users in the area. Table 7-9 lists local agency vation District has a contract for SWP water with
water supply reservoirs (with capacity greater than a maximum entitlement of 25 tar/yr. The City and
10 taf) serving the North Bay. County of Napa are examining water supply en-

Vineyard acreage in the
Napa and 8onoma ValK.ys
is among the State’s most
expensive agricultural real
estate. Grapes--wine
grapes, table grapes, and
raisin grapes--are one of
California’s top dollar
value crops.
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TABLE 7-8

Major North Bay Water Suppliers

Agency Primary Source of Supply

Sonoma County WA Russian River Project
Matin MWD Local surface and Sonoma County WA contract
Napa County FC&WCD Local surface and SWP
Solano County WA Solano Project and SWP

hancement options to ensure future supply tell-supplies along the Carquinez Strait.
ability. Table 7-10 lists the major water suppliers in the

¯ Solano County WA anticipates a water supplySouth Bay and their primary sources of supply. Those
deficiency as municipalities in the western part ofareas not served by the listed suppliers get their water
the county urbanize rapidly without developingfrom groundwater and from small locally developed
additional water supply sources. Solano Countysurface supplies. Alameda CountyWater District, Zone
WRs 1995 SWP supply was about 21 taf. The
agency’s annual SWP entitlement is 42 tar. Benicia
is the most vulnerable of the agency’s service areas
to drought conditions because it is entirely depen-" ’ "
dent on SWP water. Fairfield also is forecasting
future drought year shortages. Vallejo has its own
supply from the Delta, which is now conveyed
through North Bay Aqueduct facilities.

South Bay

The South Bay is highly urbanized--about 16 per-
cent of the State’s population lives in 2 percent of the
State’s land area. A minor portion of South Bay water
use is for agriculture. Hayward Marsh is the only iden-
tified environmental water use within the South Bay.
The marsh, part of the Hayward Regional Shoreline,
has an annual freshwater use of approximately 10 tar
of reclaimed wastewater from Union Sanitation Dis-The SWP’s North Bay Aquedu~t terminates at the Napa

Turnout Reservoir, a 22 af storage tank. Napa Coun~ Flood
trict. Industrial water use for cooling is primarilyControl and Water Conserva~on District is the contractor for
associated with independently produced industrialthis water supply.

TABLE 7-9

Local Agency Reservoirs Serving the North Bay

Agency Reservoir Capacity Year Region
(taft Constructed

USACE/Sonorna CWAa Mendocino 119 1922 North Coast
USACE/Sonoma CWAa Sonoma 381 1982 North Coast
Pacific Gas & Electric Pillsbury 73 1921 North Coast
Matin MWD Kent 33 San Francisco Bay1953/1982b
Matin MWD Nicasio 22 1960 San Frandsco Bay
Marin MWD 11 1 San FranciscoSoulajule 979 Bay
City of Napa Hennessey 31 1946 San Francisco Bay
City of Vallejo Curry 11 1926 San Francisco Bay
a USACE built Lake Mendoclno and Lake Sonoma primarily for flood control. Sonoma County WA operates the facilities for water supply and holds water

rights for the supply.
b A 16.5 tar reservolr was initially constructed in 1953. The dam was raised in 1982, nearly doubling the capacity.
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TABLE 7-10
Major South Bay Water Suppliers

Agency Primary Source of Supply
San Francisco PUC Hetch Hetchy project and local surface
Santa Clara Valley WD Local surface, groundwater, CVP, and SWP
Alameda County WD Local surface, groundwater, SWP, and Hetch Hetchy project
Zone 7 WA Local surface, groundwater, and SWP
East Bay MUD Mokelumne River project and local surface
Contra Costa WD CVP and local surface

7 Water Agenc2; and Santa Clara Valley Water Dis- instream flow requirements in the Tuolumne River
trict recharge and store local and imported surface waterBasin have reduced the available Hetch Hetchy
in local groundwater basins. Each of the maior watersupply. The city’s studies indicate that the annual
agencies supplies several municipalities or water retail-yield of the Hetch Hetchy system has dro._9.Rp~d
ers. Table 7-11 lists local agency water supply reservoirsfrom 336 tar to 271 tar..
(with capacity greater than 10 tar) serving the South¯ SCVWD, which supplies water to about 1.7 mil-
Bay. lion people, provides water to 16 municipal and
¯ SFPUC provides water to more than 2.3 million industrial retailers as well as to agricultural users

people in San Francisco, San Mateo, Santa Clara, in Santa Clara County. A number of these retail-
and Alameda Counties, and is forecasting droughters also contract with SFPUC for water from Hetch
year shortages through 2020. In 1990 and 1991, Hetchy. The district possesses one of the most di-
wholesale and retail customers received 25 percentverse supplies in the State, with imported state
supply reductions. (based on historical use). Inproject and federal project water, locally developed
1991, SFPUC adopted, but did not implement,a surface supplies, and extensive groundwater re-
45 percent rationing plan. Recently revisedcharge programs. Some of the retail agencies in

TABLE 7-11

Local Surface Reservoirs Serving the South Bay

Agen#y Reservoir Capacity Year Re, on
(taj9 Constructed

San Francisco PUC Lloyd 273 1956 San Joaquin River
San Francisco PUC Eleanor 27 1918 San Joaquin River
San Frandsco PUC Hetch Hetchy 341 1923 San Joaquin River
San Frandsco PUC Calaveras 97 1925 San Frandsco Bay
San Francisco PUC Crystal Springs 58 1888 San Frandsco Bay
San Frandsco PUC San Andreas 19 1870 San Frandsco Bay
San Francisco PUC San Antonio 50 1964 San Francisco Bay

East Bay MUD " Camanche 417 1963 San Joaquin River
East Bay MUD Pardee 198 1929 San Joaquin River
East Bay MUD San Pablo 39 !920 San Francisco Bay
East Bay MUD Briones 61 1964 San Frhncisco Bay
East Bay MUD Chabot 10 1892 San Francisco Bay
East Bay MUD Upper San Leandro 41 1977 San Francisco Bay

Contra Costa WD Los Vaquerosa 100 1998 San Joaquin River

Santa Clara Valley WD Calero 10 1935 San Francisco Bay
Santa Clara Valley WD Coyote 23 1936 San Francisco Bay
Santa Clara Valley WD Leroy Anderson 89 1950 San Francisco Bay
Santa Clara Valley WD Lexington 20 1953 San Francisco Bay
a Reservoir provides emergency storage and water quality regulation. Does not develop local supply.

¯ OPTIONS - COASTAL REGIONS 7-18

C--094286
(3-094286



The California Water Plan Update BULLETIN 160-98

State Highway 280 parallels
San Francisco’s Upper and

Lower Crystal Springs
Reservoirs in San iVlateo

County. The reservoirs are
located on the San Andreas

fault zone.

the district are vulnerable to drought deficiencies County. Deliveries from CCWD go up during
imposed by the SWP, CVP, and Hetch Hetchy droughts as industrial diverters stop diverting with
Project. These deficiencies may be intensified by their own Delta water rights (because of water
diminished local runoff during drought condi- quality constraints) and use CCWD’s CVP sup-
tions, plies instead. CCWD’s 195 taf/yr CVP contract

¯ ACWD serves a population of 292,000 in south- was recently renegotiated to include operation of
western Alameda County, adjacent to San Los Vaqueros Reservoir, completed in 1998. Un-
Francisco Bay. ACWD’s Niles Cone groundwater der its new CVP contract CCWD will receive
basin supply is augmented by SWP and Hetch 75 percent of the contract amount, or 85 percent
Hetchy supplies. The district is vulnerable to
drought deficiencies imposed by SWP or SFPUC.

¯ Zone 7 WA delivers water in the Liver-
more-Almaden Valley in eastern Alameda County,
serving communities such as Dublin, Livermore,
and Pleasanton, as well as agricultural and indus-
trial customers. Z7WA has an annual SWP
entitlement of 46 tar.

¯ EBMUD provides water to 1.2 million people in
the remainder of northern Alameda County, and
part of western Contra Costa ~Coun~ Virtually
all of the water used by EBMUD comes from the
577-square-mile watershed of the Mokelumne

O River, which collects runofffrom Alpine, Amador, ,
and Calaveras Counties, on the west slope of the
Sierra Nevada. EBMUD has water r_~ghts for up ~

~ to364 tar/ r fro mne-Ri-ve~-}.
~’ct reservoirs in the.,lgastBay_c_a~
an additional 30 tar from local watershed runoff.

T~ drought years, evaporation and other reservoir
Santa Clara Valley Water District operates an extensivelosses may exceed local runoff.
system of groundwater recharge facilltles, some of whlch are¯ CCWD delivers municipal and industrial waterincorporated into a reg~onalsystem ofreweational walking/

throughout central and eastern Contra Costablklngtrails.
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:̄ ,+.~++ii~:+~’~ ~+~+ ~,+ the region could include protection and enhancement
of agricultural lands for wildlife, focusing on agricul-

~ !~:~’.,,.~:+ ...., ..... rural land and water management practices that would
increase wildlife habitat value, and discouraging de-
velopment of ecologically important agricultural lands
for urban or industrial uses in the Delta, Suisun Marsh,
and north San Francisco Bay.

Sulsun Marsh

In 1995, USBR, DWR, DFG, and the Suisun
Resource Conservation District began negotiations to
update the Suisun Marsh Preservation Agreement. In
1996, the negotiators agreed in principle to 10 joint
actions designed to lower soil salinity on Suisun Marsh
managed wetlands (especially in the Marsh’s western

Ohalf) and to use water more efficiently. SWRCB will
review western Suisun Marsh water quality objectives
and water rights issues as part of its Bay-Delta water

co~,~v+¢cc~ rights proceeding. More information on the Suisun
CCWD’s Los Vaqueros Dam under construction. The Marsh can be found in Chapters 2, 4, and 6.reservoir, completed in 1998, does not provide new water O
supply, but provldes terminal storage for �CWD’s exlstt’ng
supply and improves service area water quality. Local Water Agency Issues

North Bay. The primary water supply source for

of historical use, during drought periods. UnderSonoma County Water Agency, the Russian River, is
in the North Coast Hydrologic Region. Issues relatedsevere drought conditions, the CVP supply may

be reduced to 75 percent of historical use. CCWDto SCWA and the Russian River are discussed in the

has a smaller locally developed source at MallardNorth Coast Region portion of this chapter. Issues fac-

Slough, with an associated right to take up toing other major water suppliers in the North Bay are

26.7 taf/yr. Diversions from Mallard Slough arediscussed below.

unreliable due to poor water quality. The average In 1995, SWRCB issued Decision WR 95-17,

annual diversion from this source over the pastestablishing instream flow requirements in Lagunitas O

20 years was only 5.6 tar. Creek watershed. Marin MWD estimates that the de-

Small independent water systems, such as thosecision will diminish its supply by 3 tafannually during

along the San Mateo coast, also suffer water supplydrought years. In the past, Marin MWD examined

reliability problems during droughts. These systemsdesalting as an option to augment its water supply,

often rely on a single source, such as groundwater, andstudying construction of a 10 mgd reverse osmosis

do not have connections to the larger systems in thedesalting plant near the western end of the San Rafael

Bay Area. Bridge. The plant’s annual yield would be approxi-
mately 10 tar at a cost of $1,900/af. The desalting
project was included in a 1991 bond measure that was

Local Water Resources not approved by the voters. The following year, a bond
Management Issues measure for new facilities to bring more Russian River

water to Marin County passed, and Marin MWD’s
Bay-Delta Estuary need for the desalting option diminished. The new

The CALFED Bay-Delta Program and the 1995 Marin MWD Russian River facilities will be on line O
SWRCB Water Quality Control Plan for the San Fran-by 2020. Since the district has all the necessary per-

Ocisco Bay/Sacramento-San Joaquin Delta Estuary aremits, this water source is not listed as a future option
discussed in Chapters 2, 4, and 6. CALFED’s ecosys-but is included in the district’s base supply.
tem restoration program could restore wetlands and Napa County voters approved a local ordinance
riparian habitats in the Delta. Other ERP actions inin 1998 which established a 0.5 percent sales tax to
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Although lands in the Su~un

Marsh are managed pr~marily
to provide wate~owl habitat,

a variety of mammals are
found there as well

fund a Napa County flood protection and watershedter around environmental water use and riparian wa-
improvement expenditure plan. The goal of the planter rights. The Putah Creek Council brought suit in
was to "provide flood protection, save lives, protect1990 against Solano Project water users to increase
property, restore the Napa River, NapaCreek, andotherflows in the lower reaches of the creek. In 1996, the
tributaries, maintain economic vitalit~ and enhanceSacramento County Superior Court ruled on instream
riparian environments". The Napa River and Napaflow requirements for Putah Creek downstream from
Creek Project, a cooperative effort with USACE, isSolano Diversion Dam, where water is diverted to
designed to provide 100-year flood protection for thePutah South Canal for delivery to agricultural lands
City of Napa and environmental restoration. Theseand to communities in Solano County. The judgment
objectives will be achieved by creating a flood bypasscited the public trust doctrine as well as California Fish
channel and wetlands; removal, redesign and replace-and Game code requirements and required higher (and
ment of floodway obstructions; elevation andyear-round) flows from the creek into the Yolo By-
relocation of homes; and construction of set-back leveespass. SCWA estimates the additional requirements are
and floodwalls. The design is intended to provide floodapproximately 10 taf during an average year and 20
protection while allowing the river to meander throughtaf during a dry year. Solano County interests are ap-
wide riparian zones. In other actions, funds would bepealing the judgment, which has been stayed until the
provided for flood protection, environmental enhance-appeal is heard. USBRis seeking an out-of-court settle-
ment, and water supply reliability improvements forment of the case. Under the Superior Court judgment,
other communities and unincorporated areas of theSolano County water users would be responsible for
County. meeting the instream flow requirements in the down-

USBR and Solano County Water Agen~ havestream portion of the creek. Solano Countywater users
been involved in water rights actions on Putah Creekhave asked SWRCB to participate in the settlement
upstream and downstream of USBR’s Solano Projectprocess so that regulation of riparian diversions can be
facilities. In 1995, a settlement agreement was reachedincluded in the final instream flow requirements for
with water users in Lake and Napa Counties upstreamthe creek.
of Lake Berryessa. The agreement establishes limits on SCWA’s contract with USBR for Solano Project
future water development in the Lake Berryessa wa-water supply will expire in 1999. The contract is re-
tershed and allocates water for the upstream users. Anewable, but the terms and conditions of the contract
court-appointed watermaster will monitor water useswill be renegotiated. SCWA will then need to renego-
and enforce the terms of the settlement agreement, tiate its contracts with Solano Project member entities.

Downstream of the Solano Project, disputes cen- SCWA has entered into a multi-year banking and
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exchange agreement with MojaveWater Agency in theyear shortages in the San Francisco Bay Region. The
South Lahontan and Colorado River regions. Duringdistrict released an integrated water resources plan in
wet years, SCWA can bank up to 10 tafofits annualDecember 1996 to address water supply reliability
SWP entitlement in MWA’s groundwater basin. Dur-through 2020. The primary components of the pre-
ing dry years, SCWA can take part of MWA’S SWP ferred strategy include water banking, water transfers,
entidement in exchange (up to half the banked amountwater recycling, and water conservation. Components
with a maximum of 10 taffyr). SCWA pays for part of are scheduled to be phased into operation as necessary
the transportation cost to convey the water to MWA.to meet increasing demands. Implementation of spe-

Solano County water agencies are monitoring useciflc components is ’designed to be flexible, with a list
of groundwater from the Putah Fan/Tehama Forma-of contingency strategies to meet changing conditions.
tion groundwater basin because of concerns about theThe plan is to be updated every three to five years.
condition of the shared basin. The City of Vacaville, Alameda County Water District is continuing to
Solano Irrigation District, Maine Prairie Water Dis-monitor and manage saline water intrusion in its
trict, and Reclamation District 2068 have implementedbayside aquifers. The district depends upon the Niles
AB 3030 groundwater management plans. SCWA hasCone groundwater basin, which includes at least three
initiated a groundwater monitoring and data collec-distinct aquifers, for district supplies. The district re-
tion program. Vacaville, SID, Dixon, and Sotanocharges locally developed water and imported surface
County developed a 1995 agreement to cooperativelywater to the basin and extracts recharged supplies. Prior
mitigate any adverse conditions related to the basin,to ACWD’s import of surface supplies in the 1960s,

South Bay. San Francisco Public Utility Commis-the upper two aquifers were overpumped, causing sa-
sion and the BayAreaWater Users.Association (SFPUCline intrusion into the basin. In 1974, ACWD began
Bay Area Water contractors) are cooperatively devel-its aquifer reclamation program, which includes nine
oping a water supply master plan for the PUC’s retailwells designed to extract and discharge saline ground-
and wholesale service areas. Phase 1 of the three-phasewater from the basin. Because of further intrusion of
plan was recently completed. The preliminary list ofsaline water during the recent drought, operations have
water supply options to be considered in Phase 2 in-been modified to pump and dispose of greater quanti-
cludes: ties of saline water. In 1992, a reconnaissance level study
¯ Short- and long-term Central Valley water trans-was conducted to evaluate the feasibility of desalting

fers. water pumped from extraction wells, and blending it
¯ Conjunctive use ! groundwater banking within thewith groundwater and imported surface water. This

Hetch Hetchy system (Tuolumne River Basin anddesalting option is discussed in the following section.
areas adjacent to the aqueduct). ACWD is developing a groundwater model to

¯ Transfers within the Hetch Hetchy system, simulate the effectiveness of its aquifer reclamation pro-
- Additional surface storage within the Hetchgram, movement of saline water, and remediation of

Hetchy system, the basin. Because runoff from the Alameda Creek wa-
¯ Conjunctive use ! groundwater banking within thetershed is used to recharge the groundwater basin,

Bay Area system. ACWD is working" with upstream agencies and the
¯ Transfers within the Bay Area system. RWQCB to ensure that water quality in Alameda
¯ Additional surface storage within the Bay AreaCreek is not compromised due to development or other

system, activities in the watershed.
¯ Desalting. Zone 7 WA has initiated a water supply master
¯ Other local projects, plan program EIR to meet projected water needs. Pre-

Phase 2 will ultimately produce a master plan forliminary estimates indicate a need for 40 to 50 tar of
the PUC system and is scheduled for completion inadditional water supply by 2020. The water supply
1999. Phase 3, the implementation phase of the mas-program will include imported surface water transfers,
ter plan, will include environmental review, design, andconservation, water recycling, and purchase of the
construction of plan elements. Construction is antici-South Bay Aqueduct’s currently unused conveyance
pated to begin as early as 2001. capaci~.

Without improvements to its water supply reli- In a separate planning effort, Z7WA has been
ability, SCVWD is forecasted to face the largest droughtworking with local developers on a water transfer agree-
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ment to provide water to 9,500 new homes incontract amount subject to the court’s physical solu-
Dougherty Valley; in southern Contra Costa County.tion for instream flow requirements in the Lower
A small portion of the Dougherty Valley developmentAmerican River.
is within EBMUD’s existing service area. After Con- In November 1997, EBMUD and USBR released
tra Costa County approved the development in 1992,a draft EIR/EIS with two alignment alternatives for
EBMUD indicated that it could not reliably provideconveying American River water and one no project
water service to all 11,000 new customers. Ultimately,alternative. One alternative incorporates a concept de-
EBMUD agreed to provide service to Dougherty Val-veloped by Sacramento County, the City of
ley over a lengthy development period, with theSacramento, and EBMUD to construct a joint diver-
condition that developers try to find another source ofsion facility near the American River’s confluence with
water. The developers negotiated with Berrenda Mesathe Sacramento River. American River water would
Water District, a member agency of Kern CountyWA,be diverted near the confluence and would be pumped
to purchase 7 taf of currently unused SWP entitle-back to the City of Sacramento’s FairbairnWaterTreat-
ment water. Dublir; San Ramon Services Districtment Plant. A portion of this water would continue
agreed to be the water retailer and Z7WA, a whole-on to the Folsom South Canal where it would be con-
saler of SWP water, will treat and deliver water fromveyed to the Mokelumne Aqueduct via a pipeline
tfie South BayAqueduct. In addition to paying for theextension from the end of the canal. Water for Sacra-
entitlement water and connection fees from Z7WAmento County would be treated at the Fairbairn Water
and DSRSD, developers have agreed to pay ZTWA anTreatment Plant and conveyed to local water users.
additional $18 million for the wholesale service. In 1997, San Joaquin County interests proposed
DSRSD and Z7WA anticipate that the arrangementa groundwater storage project that would allow
will result in lower water costs to existing customersEBMUD to store surface water in San Joaquin County
and improved reliability. Another condition of theaquifers and would provide significant benefits to San
agreement stated that the project could not use exist-Joaquin County water users. A joint powers authority
ing local ZTWA storage space (primarily the Livermoreof San Joaquin County water agencies hopes to ini-
Valley groundwater basin). ZTWA completed an agree-tiate a pilot project to help assess the feasibility of this
ment with Semitropic Water Storage District for 43conjunctive use proposal. EBMUD has agreed to pro-
tar of groundwater storage, which is also being pur-vide water for the project and is retaining this
chased by the developers. In wet years, excess wateralternative for consideration to provide more out-of-
from Berrenda Mesa WD will be delivered to SWSD service area storage and improved supply reliability
and stored in the groundwater basin. In drought years,during droughts. However, a conjunctive use alterna-
Z7WAwould receive SWP water in exchange throughtive was not included in EBMUD’s draft EIR for
the SBA. conveyance of its CVP contract supply

After the Z7WA / Dougherty Valley arrangement EBMUD has also been involved in negotiations
was finalized, the City ofLivermore and environmen-related to instream flows in the Mokelumne River.
tal interests sued Z7WA in an effort to stop similarEBMUD’s 1981 FERC license for operation of hy-
future arrangements. (The city is one of Z7WA’s pri- dropower facilities at Pardee and Camanche Reservoirs
mary contractors.) A major concern of the plaintiffs isincorporated an existing instream flow agreement be-
that Z7WA’s water supply reliability will be diminished,tween the district and the DFG. During the 1987-92

EBMUD’s board approved a water supply actiondrought, poor fishery conditions on the Mokelumne
plan in 1995 to meet the objectives of its 1993 waterRiver and fish losses at the district’s Camanche fish
supply management program EIR for improving sup-hatchery prompted FERC to evaluate fishery flows.
ply reliability in its service area. T~he action plan’sFERC issued a final EIS in November 1993, which
recommendation was to co_ns~;~c_t_a_E0~s_om_S.ottth_was opposed by all the involved parties. Subsequent
Canal coxxn[ection~_to=-EB!viUD’s:,Mokelumr~e~_Aqile=_negotiations led to preparation of a settlement agree-
duct, to allow the district to use its CVP contract forment by EBMUD, DFG, and USFWS which was
up to 150 taf/yr of American River water. The~~submitted to FERC for review in June 1997. EBMUD
wou~’dh-I-d-be’E’-d~igned to operate in accordance with thehas already implemented the agreement’s flows which
Alameda County Superior Court’s 1990 Hodge Deci-significantly impact the district’s water supply.
sion, which confirmed the district’s right to divert itsEBMUD estimates that its 2020 shortage with the new
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agreement flows would increase from 130 taf to 185controlling infiltration of saline groundwater into agen-
tar. The district will continue to pursue reliability en-cies’ pipelines. Other salt control methods to be
hancement options to meet the expected increasedconsidered include regulation of water softeners, con-
shortage, trol of industrial discharges, and treatment.

Contra Costa Water District is facing several is-
sues with its CVP supply, which is its primary supplyWater Management Options
source. CCWD’s CVP contract is scheduled to expirefor the San Francisco Bay Region
in 2010, but CVPIA established financial penalties
for not committing to review by 1997. The district is Table 7-12 shows a list of options for the region,
weighing the potential loss of supply associated withand the results of an initial screening of the options.
renewal against the financial penalties, and expects thatThe retained options were evaluated (Table 7A-2 in
the reliability of its 195 tafcontractual supply will beAppendix 7A) based on a set of £~xed criteria discussed
reduced due to CVPIA implementation, in Chapter 6.

Bay Area Regional Water Reeyellng Program Conservation

With passage of Title 16 of PL 102-575 in 1992, Urban. Urban water demand forecasts for 2020
USBR joined with Bay Area water and wastewater assume that BMPs are in place; consequently, only
agencies to fund a study of regional water recyclingthose urban conservation efforts which exceed the
potential. The Bay Area regional water recycling pro- BMPs are considered as options. All urban conserva-
gram (formerly Central California regional water tion options were retained. Reducing outdoor water
recycling program) was established in 1993 to develop

use to 0.8 ET° in new development would attain about

a regional partnership for maximizing BayArea water2 taf/yr of depletion reductions, while extending this
recycling. The program is sponsored jointly by USBR,measure to include existing development would reduce
the Department, and 13 Bay Area water and waste-depletions by about 52 taf/yr. Reducing residential in-
water agencies. During the first phase of the program,door water use to 60 and 55 gpcd would attain
completed in April 1996, participating agencies ex-depletion reductions of 38 and 77 taf/yr, respectively.
plored potential uses for water recycled from BayArea Reducing commercial, institutional, and industrial
wastewater treatment plants. The feasibility studywater use by an additional 3 percent and 5 percent
showed that a regional approach would be produc-would attain 11 and 18 taf/yr of depletion reductions,
rive. respectively. About 13 taf/yr of depletion reductions

A major component of the 1996 feasibility studywould be attained by reducing distribution system
was assessment of potential recycled water use in thelosses to 5 percent.
Central Valley and other locations outside the Bay Agricultural. As with urban demand forecasts,
Area. The study determined that marketing the re-agricultural water demand forecasts for 2020 assume
cycled water for agricultural use in the Central Valley. that EWMPs are in place and only those efforts which
was not feasible. A regional water recycling masterexceed the EWMPs are considered as options. Due to
plan, now in preparation, will focus on recycled waterthe relatively small amount of irrigated acreage in the
markets in the BayArea. A limited assessment ofagri-region and the high SAE attained on average through-
cultural uses immediately south of Santa Clara Countyout the region, no significant depletion reductions
will be made, but no further assessment of Centralwould accrue.
Valley uses will be included. Another major compo-
nent of the feasibility study was the assessment ofModi3~ Existing Reservoirs/Operatlons

options to improve recycled water quality with respect Napa County Flood Control and Water Conser-
to salinity. Two options originally assessed will not bevation District has considered reservoir enlargement
included in the master plan--on-site agricultural saltoptions which would provide additional offstteam stor-
management and management of agricultural drainzge,age for Napa River flows. In the South Bay, SCVWD

Water quality; especially salinity levels, will needhas evaluated enlarging Leroy Anderson Reservoir,
to be managed to ensure the feasibility of Bay Areawhich could increase SCVWD’s annual supply by
water recycling. The master plan will consider meth-about 25 taf. EBMUD has had several proposals to
ods to control salt at the point of origin, includingenlarge both of its Mokelumne River reservoirs. The
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TABLE 7-12
San Francisco Bay Region List of Water Management Options

Option Retain Reason for D~erral
or D~er

Conservation
Urban

Outdoor Water Use to Retain0.8ETo
Indoor Water Use Retain

Interior CII Water Use Retain

Distribution System Losses Retain
Agricultural

Seasonal Application Efficiency Improvements Defer No significant depletion reductions attainable.
Flexible Water Delivery Defer No significant depletion reductions attainable.

Canal Lining and Piping Defer No significant depletion reductions attainable.

Tailwater Recovery Defer No significant depletion reductions attainable.

Modify Existing Reservoirs/Operations
Enlarge Lake Hennessey / Napa River DiversionRetain

Enlarge Bell Canyon Reservoir Retain

Enlarge Bell Canyon Reservoir/ Retain
Napa River Diversion

Enlarge Pardee Reservoir Retain

Enlarge Camanche Reservoir Retain

Enlarge Briones Reservoir Defer Geologic hazards.
Enlarge Chabot Reservoir Defer Substantial residential development.

Enlarge Leroy Anderson Reservoir Retain

Upgrade Milliken Treatment Plant Retain

Reoperate Rector Reservoir Retain

New Reservoirs/Conveyance Facilities
Chiles Creek Reservoir Project/ Retain
Napa River Diversion

Enlarge Lake Hennessey/Ch!les Creek Project /Retain
Napa River Diversion

Carneros Creek Reservoir / Napa River DiversionRetain
Upper Del Valle Reservoir Retain

Buckhorn Dam and Reservoir Retain
Upper Kaiser Reservoir Retain

Upper Buckhorn Reservoir Retain

Middle Bar Reservoir Retain
(Amador & Calaveras Counties)
Duck Creek Offstream Reservoir Retain

Devils Nose Project (Amador County) Retain
Clay Station Reservoir (Sacramento County) Defer Wetlands, endangered species.
Alamo Creek Reservoir Defer Substantial residential development.

Bolinger Reservoir Defer Substantial residential development.
Cull Canyon Dam Defer Substantial residential development.

Canada del Cierbo Reservoir Defer Storage cost too high ($16,000/a0.

Curry Canyon Reservoir Defer Substantial residential development.
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TABLE 7-12

San Francisco Bay Region List of Water Management Options (continued)

OpHon Retain Reason for D~erral
or Defer

Lower Kaiser Reservoir Defer Storage cost too high ($9,000/a0.

Bailey Road Reservoir Defer Storage cost too high ($21,000/a0.

EBMUD American River Supply Retain

Groundwater/Conjunctive Use

EBMUD/San Joaquin County Conjunctive Use Defer Under discussion; not yet defined.

Milliken Creek Conjunctive Use Retain

Lake Hennessey/Corm Creek Conjunctive Use Retain

Recharge Dumbarton Quarry Pits Defer Unsuitable geologic conditions.

Sunol Valley Groundwater Recharge Defer Limited aquifer production.

Water Marketing

Napa/Solano County WA Exchange Defer SCWA is not interested in exchange.

Solano County WA Defer No proposals identified at this time.

Contra Costa WD Defer No proposals identified at this time.

Zone 7 WA/Kem County WA Retain

Santa Clara Valley WD/SLDMWA Retain

Water Recycling

Bel Marin Keys Golf Course - North Marin Retain
Water District

Black Point Golf Links - North Marin Water Retain
District

Central Marin Water Recycling Project - Marin Retain

Golf Course Irrigation, City Park Irrigation - Retain
North San Mateo CSD

Hercules/Franklin Canyon WRP-Phase 2 - Retain
EBMUD

Industrial Use - Central Contra Costa Sanitary Retain
District

Lamorinda - Central Contra Costa Sanitary Retain
District

Nonpotable Wastewater Reuse Master Plan - Retain
Union Sanitation District

Phase 1 Water Reclamation Program - AlamedaRetain
County WD

Phase 2 Water Reclamation Program - AlamedaRetain
County WD
San Francisco Water Recycling Master Plan Retain

San Ramon Valley Recycled Water Program - Retain
DSRSD/EBMUD

San Ramon Valley Water Recycling Project - Retain
EBMUD

South Bay Water Recycling Project - City of Retain
Santa Clara

Bay Water Recycling Project - San Jose RetainSouth

Zone 1 - Central Contra Costa Sanitary District Retain
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TABLE 7-12
San Francisco Bay Region List of Water Management Options (continued)

Option Retain Reason for Deferral
or D~er

De.salting

Brackish Groundwater
Alameda County WD Aquifer Recovery Project Retain

Seawater
Marin Municipal WD Desalting Project Retain

Other Local Options

New Surface Water Diversion from SacramentoRetain
River by Cities of Benicia, Fairfield, & Vacaville

Statewide Options

-- -- See Chapter 6.

improvement of system yields associated with theseNew Reservoirs and Conveyance Facilities
projects has not been determined. Ten new reservoirs were evaluated for Bay Area

Reoperating Rector Reservoir in Napa Countywater agencies. NCFC&WCD investigated several
would, oprovide an increase of approximately 1.2 taf/yrdiversion and storage projects, including Chiles Creek
in system yield. NCFC&WCD is also considering aReservoir Project and Carneros Creek Reservoir
modiiqcation of its Milliken Water Treatment Plant,Project. The viability of these offstream storage projects
which would generate a small increase (450 af) in itsdepends upon the district’s ability to make Napa River
annual water suppl)< diversions. (SWRCB has declared the Napa River to

USBR’s Folsom South Canal

was designed to convey water
j~om the American River

below Nimbus Dam to
central San Joaquin County.

Only part of the canal was
actually constructed, and the

canal now terminates in
southeastern Sacramento

County.

Courtesy of USBR
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be fully appropriated during parts of the year.) Someavailable through these proposals is unknown and the
agencies, including ACWD, have examined an Uppercompetition for transfers will certainly impact both
Del Valle Reservoir Project. EBMUD has consideredprice and availability. A likely option for Z7WA is the
three new storage reservoirs in its service area and twopermanent tr.ansfer of 7 tar of SWP entitlement from
new reservoirs in the Mokelumne Basin (Middle BarKCWA, as provided for in SWP’s Monterey Amend-
and Devils Nose projects). These storage options havements.
been inactive since EBMUD’s focus on its supplemen- Several agencies in the region already have bank-
tal water supply project, ing and exchange agreements with agencies in the

As discussed previously, EBMUD and USBR re- Tulare Lake, South Lahontan, and Colorado River re-
leased a draft EIR/EIS in 1997 for EBMUD’s diversiongions. These agreements among SWP contractors
of its American River CVP supply. EBMUD estimates involve exchanges of SWP entitlement. ACWD,
that it would receive 112 tafand 70 tafin average andZ7WA, and SCVWD are participating in SWSD’s
droughts years, respectively. (The draft EIR/EIS evalu-groundwater banking program and have long-term
ates alternatives for conveyance of the water. Projectcontracts for 50, 43, and 350 taf of storage, respec-
yield remains the same in either of the conveyance al-tively. SWP entitlement would be delivered to SWSD
ternatives.) for groundwater recharge in wet years and SWSD, a

member agency of KCWA, would forego a portion of
Groundwater Development or Conjunctive Use its entitlement in dry years in exchange. SCWA has a

EBMUD is continuing discussions with Sansimilar agreement with MWA in San Bernardino
Joaquin County interests for a joint groundwater stor-County for up to 10 ta£..
age/conjunctive use project. EBMUD’s CVP contract SCVWD has also entered into a three-way trans-
water could be stored in San Joaquin County ground-fer agreement with the San Luis Delta-Mendota Water
water basins prior to being diverted into EBMUD’sAuthority and USBR. Under this option, participat-
Mokelumne River Aqueduct in northeast San Joaquining member agencies of SLDMWA may receive some
County. This option was considered in EBMUD’sof SCVWD’s CVP water allocation in normal and
1995 Water Supply Action Plan, but not included inabove-normal water years, in exchange for commit-
EBMUD’s draft EIR for conveyance of its CVP con- ting to make available a share of their CVP allocation
tract supply. The yield is currently undefined, during drought years. This option would provide

Only two groundwater or conjunctive use optionsSCVWD with up to 14 tar in drought years and is
in Table 7-12 were retained for further evaluation,discussed in more detail in Chapter 6.
NCFC&WCD has two proposals to construct con-
j unctive use facilities adjacent to existing surface waterWater Recycling

facilities. The proposed Milliken Creek conjunctive use The 1995 water recycling survey identified 16
project would allowthe City ofNapa and the Silverado.water recycling options in the San Francisco Bay Re-
Country Club to share surface and groundwater sup-gion, with a total potential 2020 yield of 101 tff.. The
plies, and would provide an additional drought yearaverage price of recycled water from these options
yield of 1.9 taf. The proposed Lake Hennessey/Connwould be just over $500/af, with a range from $100 to
Creek conjunctive use project would make the City ofover $2,000/af. The most common use for recycled
Napa’s surface water available to agricultural users inwater would be for landscape irrigation. A few options
exchange for rights to pump groundwater duringwere proposed for industrial or agricultural use.
droughts. This option would provide an estimated 5 taf One consideration in evaluating water recycling
during drought years, proposals is that a number of options may be proposed

for the same wastewater treatment plant. These op-
Water Marketing tions depend upon different distribution systems and

Agencies throughout the Bay Area are proposingare therefore considered separately for this report. Some
to negotiate for new or additional water imports intoof the larger projects with their associated 2020 yield
the region. Most of these proposals are preliminary,include the South Bay water recycling program
Water transfer proposals by SCWA, CCWD, and(31 taf), the Central Contfa Costa Sanitary District
Z7WA all include transfers from as-yet-unnamed Sac-industrial use project (20 taf), the San Francisco water
ramento Valley water users. The actual amount ofwaterrecycling management plan (12 taf), and the San
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Rarnon Valley recycled water project (10 tar). Most ofprovide an estimated 57 taf/yr in water savi~~
the remaining water recycling options have 2020 yieldsregion.__
in the range of 1 to 4 taf. Agencies throughout the region have ambitious

plans for water recycling as a future water supply op-
Desalting tion. These options could provide an additional 24 taf/

Alameda County WD has evaluated the potentialyr to the region by 2020._EB_MUD’s American River
for desalting brackish water to allow increased use ofs~uEp~lyw~_o~id.msgmemtxt-raug~ear-sup~~
groundwater. Water pumped from the district’s aqui-Water marketing agreements being negotiated with
fer recovery project wells would be desahed andCentral Valley agencies will likely add 19 taf/yr in the
blended with groundwater and Hetch Hetchy waternear future. Statewide options including SWP ira-
to provide a quality consistent with other sources ofprovements and drought water bank would likely
supply. The plant would produce 9 taf/yr at a cost ofaugment drought supplies by 100 taf.
about $500/af. Many South Bay water purveyors’ systems are in-

In the past, Marin MWD examined seawater de- terconnected, reflecting a common reliance on the
salting as an option to augment its water supply. TheSWP, CVP, and Hetch Hetchy facilities for their water
district studied constructing a 10 mgd reverse osmosissupplies. CCWD and SCVWD are connected to the
desalting plant. The plant’s annual production wouldDelta via CVP facilities. In addition, piping to facili-
be approximately 10 tafat a cost of $1,900/af. tate connections between EBMUD and CCWD and

the City of Hayward is in place for emergency trans-
Other Local Options fers. (These connections are of limited capacity to allow

Solano CountyWA and its member agencies havefor transfers in a catastrophic event.) SCVWD,
been examining several surface water managementACWD, and ZTWA are connected by the SWP’s South .
projects to improve their water supply reliabiliV. OneBayAqueduct. SFPUC now has a permanent connec-
proposal is to apply for additional water rights fromtion to the SWP, to allow it to take delivery of water
the Sacramento River. The Cities of Benicia, Fairfield,transfers wheeled by the SWE These interconnections
and Vacaville have filed an application with thefacilitate water transfers and are positive factors in water
SWRCB to divert an additional 31 taf/yr. The waterresources management in the South Bay.
would be conveyed to the cities via the North Bay
Aqueduct. (Vacaville is in the Sacramento River Re-
gion and its share is 8.5 taf/yr).

Statewide Options

Statewide water supply augmentation options are
discussed and quantified in Chapter 6.

Options Likely to be Implemented in
San Francisco Bay Region

Water supplies are not available to meet all of the
region’s 2020 water demands in drought years. Ap-
plied water shortages are forecasted to be 287 taf. No
average year water shortages are forecasted for 2020.
Ranking of retained water management options for
the San Francisco Bay Region is summarized in Table
7-13. Table 7-14 summarizes options that can likely
be implemented by 2020 to relieve the shortages.

Implementation of BMPs will continue through
2020 and is reflected in the base demand levels for
urban water use. Urban conservation options likely to
be implementecl~~ and feasibili~, would
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T~LE 7-13
Options Ranking for San Francisco Bay Region ¯

Op~ona                          Rank      Cost ($/a19     Pot~n~al Gain (ta~
Average    Drought

Conservation

Urban

Outdoor Water Use to 0.8 ETo- New Development M 750 2 2

Outdoor Water Use to 0.8 ETo-New and Existing DevelopmentL b 52 52

Indoor Water Use (60 gpcd) M 400 38 38

Indoor Water Use (55 gpcd) M 600 77 77

Interior CII Water Use (3%) M 500 11 11

Interior CII Water Use (5%) M 750 18 18

Distribution System Losses (5%) M 300 13 13

Modify Existing Reservolrs/Operadons

Enlarge Lake Hennessey/Napa River Diversion M 630 12

Enlarge Bell Canyon Reservoir M b b 2

Enlarge Bell Canyon Reservoir/Napa River Diversion M b b 4

Enlarge Pardee Reservoir M b b 30

Enlarge Camanche Reservoir M b b 15

Enlarge Leroy Anderson Reservoir M 4,400 b 25

Upgrade Milliken Treatment Plant M 1,770 1 1

Reoperate Rector Reservoir M 800 1

New Reservoirs/Conveyance Facilities

Chiles Creek Reservoir Project/Napa River Diversion L 1,170 12

Enlarge Lake Hennessey/Chiles Creek Project/ L 1,030 15
Napa River Diversion

Carneros Creek Reservoir/Napa River Diversion L 2,100 12

Upper Del Valle Reservoir M 1,600 5 2

Buckhorn Dam and Reservoir M b b 23

Upper Kaiser Reservoir M b b 6

Upper Buckhorn Reservoir L b ~ 3

Middle Bar Reservoir L b b 15

Duck Creek Offstream Reservoir L b b 15

Devils Nose Project L 1~ ~ 23

EBMUD American River Supply M 850, 112 70

Groundwater/Conj unctlve Use

Milliken Creek Conjunctive Use H 150 2

Lake Hennessey/Conn Creek Conjunctive Use H 280 5

Water Marketing

Z7WA/KCWA (7 taf entitlement) H b 7 5

SCVWD/SLDMWA H b 14
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TABLE 7-13

Options Ranking for San Francisco Bay Region (continued)

Optiona                          Rank      Cost ($/aJ9     Potential Gain (ta,~
Average    Drought

Water Recycling

~ Group 1 (Cost < $500/af) H 500 24 24

Group 2 (Cost $500/af- $1,000/aI) M 1,000 20 20

Group 3 (Cost > $1,000/a0 M 1,500 46 46

Desalting

Brackish Groundwater

Alameda County Water District Aquifer Recovery Project H 510 9 9

Seawater

Matin Municipal Water District Desalting Project L 1,900 10 10

Other Local Options

New Surface Water Diversion from Sacramento River by M b 22 22
Cities of Benicia, Fairfield, & Vacavillee

Statewide Options

See Chapter 6.

~ All or parts of the amounts shown for the highlighted options have been included in Table 7-14.
b Data not available to quantify.
c The three cities have applied for 31 taf/yr ofsupplementai water, part of which wguld be used in the Sacramento River Region.

TABLE 7-14

Options Likely to be Implemented by 2020 (taf)

San Francisco Bay Regiona

Average Drought

Applied Water Shortage 0 287

Options Likely to be Implemented by 2020
Conservation 57
Modify Existing Reservoirs/Operatiqns
New Faciliti{s 70Reservoirs/Conveyance
Groundwater/Conjunctive Use " 7
Water Marketing 19
Recycling 24
Desalting 9
Other Local Options
Statewide Options 100
Expected Reapplication 1

Total Potential Gain 287

Remaining Applied WaLer Short,g, e 0 0

a Implementing options to reduce drought year shortages would provide more water than is needed to meet average year needs. In average years, this water
could be available for transfer to other regions, or some options could be operated at less than their ~ capacity.
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FIGURE 7-4
Central Coast Hydrologic Region
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Central Coast
Hydrologic Region

Description of the Area and cut flowers. Wine grape acreage has increased in

The Central Coast Region (Figure 7-4) extendsthe upper Salinas Valley: The flower seed industry in

from southern San Mateo County in the north to Santa
Lompoc Valley is thriving and attracts many tourists

Barbara County in the south. The region includes theeach year. Parts of the upper Salinas Valley and Carrizo

southern tip of San Mateo Count~ part of Santa ClaraPlain are dry-farmed to produce grains. Table 7-15

County, most of San Benito Count~ all of Santa Cruz,shows the region’s population and crop acreage for 1995
and 2020.

Monterey, San Luis Obispo and Santa Barbara Coun- Major economic activities include tourism,
ties, and the northwestern tip of Ventura County. The
major topographic features include Monterey and

agricultural-related processing, and government and

Morro Bays; the Pajaro, Salinas, Carmel, Santa Maria,
SantaYnez and Cuyama Valleys; the Coast Range, and
the coastal plain of Santa Barbara County. The region
is divided into two planning subareas: Northern (in-
cluding all counties except San Luis Obispo and Santa
Barbara) and Southern (San Luis Obispo and Santa
Barbara Counties). Summer temperatures are cool
along the coastline and warmer inland. In the winter,
temperatures remain cool along the coast but become
cooler inland. Annual precipitation ranges from about
10 inches on valley floors at the south end of the re-
gion to as much as 50 inches on some of the highest
peaks. The year-round frost-free climate of the coastal
valleys makes them ideal for production of specialty
crops such as strawberries and artichokes.

The principal population centers in the region are
Santa Cruz, Hollister, Salinas, Monterey, Paso Robles,
San Luis Obispo, Santa Maria, Goleta, and Santa Bar-
bara. Intensive agriculture is found in the Salinas and
Pajaro Valleys in the north and the Santa Maria and
lower Santa Ynez Valleys in the south. Agricultural
acreage has remained fairly stable during recent years,
although urban development is encroaching on someThe Pajaro and 8alinas Valleys are known for their
valley agricultural lands. In the Pajaro and Salinas Val-production ofspe~ialty crops. Castroville is sometimes called
leys, the major crops include vegetables, specialty crops,the artichoke capital of the worleL
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TABLE7-15 Salinas Valley. Water agencies include Monterey
Population and Crop Acreage County Water Resources Agency; Monterey Peninsula

Water Management District, Marina Coast Water Dis-
Popula~on Im4gated Crop Acreage trict, California-American Water Company (Carmel),
(thousands) (thousands of acres) Pajaro ValleyWater Management Agency, City of Santa

1995 1,347 572 Cruz, and San Benito County Flood Control and
2020 1,946 570 Water Conservation District.

The Northern PSA is comprised of a number of
service sector employment. Oil production and trans-medium-to-small independent watersheds. There is
portation sites onshore and offshore are important tolimited infrastructure for water transfers among the
the economies of Santa Barbara and San Luis Obispowatersheds and from outside the region. The only water
Counties. San Luis Obispo County has major thermalimport from outside the region comes from CVP’s San
powerplants at Diablo Canyon and Morro Bay. Mill-Felipe Unit, which imports 53 taf/yr into southern
tary facilities include Hunter-Liggett MilitarySanta Clara and San Benito Counties.
Reservation, Vandenberg Air Force Base, and Camp Groundwater is the primary water source for the
San Luis Obispo. subarea. Groundwater recharge is provided by the

Pajaro, Salinas, and Carmel Rivers, and byArroyo Seco.

Water Demands and Supplies San Clemente and Los Padres Dams on the Carmel
River (Monterey County), San Antonio Dam on the

The water budget for the Central Coast Region isSan Antonio River (Monterey County), and
shown in Table 7-16. Groundwater is the primaryNacimiento Dam on the Nacimiento River (San Luis
source of water supply in the region, followed by localObispo County) are the region’s main surface water
surface water. CVP water supply is delivered to thestorage facilities. Water impounded in these reservoirs
northern part of the region from San Luis Reservoir.is managed to provide groundwater recharge.
SWP Coastal Branch deliveries to the southern part of
the region began in 1997. Most of the water shortageSouthern PSA
in the region is due to groundwater overdraft, although The largest water agencies in the southern PSA
the overdraft is expected to lessen with SWP water de-are two countywide agencies--the San Luis Obispo
liveries and decreased agricultural demands. County Flood Control and Water Conservation Dis-

trict and the Santa Barbara County Flood Control and
Northern PSA Water Conservation District. The Central Coast Wa-

This planning subarea includes Santa CruzterAuthoritywasformedin 1991 to construct, manage,
Count~ Pajaro Valley, the Monterey Peninsula, andand operate Santa Barbara County’s 42 mile portion

TABLE 7- 16

Central Coast Region Water Budget (tar)a

1995 2O2O

Average Drought Average Drought

Water Use
Urban 286 294 379 391
Agricultural ~ 1,192 1,279 1,127 1,223
Environmental 118 37 118 37
Total 1,595 1,610 1,624 1,652

Supplies
Surface Water , 318 , 160 368 180
Groundwater 1,045 1,142 1,041 1,159
Recycled and Desalted !8 26 42 42
Total 1,381 1,328 1,452 1,381

Shortage 214 282 172 270

a Water use/supply totals mid shortages may not sum due to rounding.
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of the Coastal Aqueduct. Many small retail agenciesUSACE’s 26 taf Santa Margarita Lake (Salinas Dam)
and small municipalities provide their own water sup-provides supply for the City of San Luis Obispo.
plies.

The major source of water in the two counties isI.oca| INater Re$ollree$coastal groundwater basins. SLOCFC&WCD and1~i8llsgemeilt |$$11e$
SBCFC&WCD contract with the Department for
SWP water. The two agencies have contractual entitle-

Seawater Intrusionments totaling 70.5 taf/yr. Due to the 1987-92
drought, three seawater desalting plants were con- With Central Coast’s limited surface supply and
structed in the region. The City of Morro Bay’s plantfew surface water storage facilities, the growing demand
has an annual capacity of 670 af and is used whenfor water is causing an increased dependence on the
groundwater supplies are limited during dry periods,region’s groundwater resources. Because groundwater
The City of Santa Barbara’s plant has an annual capac-extractions have exceeded groundwater replenishment,
ity of 7.5 tar and is on standby. (Although the Santaseawater has advanced into some coastal freshwater
Barbara plant only operated briefly in 1992, it is con-aquifers, degrading water quality. Seawater intrusion
sidered in the base water budget as a drought yearis a major concern in the region.
supply under 1995 level of development, and as an Several decades of over-pumping groundwater
average and drought year supply in 2020.) The planthave caused seawater intrusion in the aquifers that sup-
at San Simeon Beach State Park has minimal capacityply the Salinas Valley with nearly 100 percent of its
(45 af) and is also on standby, fresh water. Seawater has intruded almost 6 miles in-

There are two USBR projects in the subarea. Theland into the 180-foot aquifer and two miles inland
Cachuma. Project provides Santa Ynez River water tointo the 400-foot deep aquifer. This intrusion has ten-
the Santa Barbara ag.ea; main project facilities are thedered the groundwater too salty for either municipal
205 taf Cachuma Reservoir (Bradbury Dam) and theor agricultural use. Replenishment of groundwater oc-
South Coast Conduit. The Santa Maria Project pro-curs primarily from percolation of surface water from
rides Cuyama River water for irrigation use in the Santathe Salinas River and its tributaries. The construction
Maria area; main project facilities are Twitchell Dam of Nacimiento and San Antonio Dams in 1957 and
and Reservoir (240 taf). Another federal reservoir,1965, respectivel)~ has increased replenishment but has

D WR’s extension of the
Coastal Branch to serve
San Lugs Obi~po and Santa
Barbara Counties provides
an imported surface water
supply that can help reduce
overdraft of coastal
groundwater basins.
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not stopped seawater intrusion. In 1994, SWRCB be-Local WaterAgenwy Issues
gan investigating the Salinas Valley. The SWRCB Santa Cruz County relies mostly on surface water
suggested that adjudication may be necessary if thediversions. Drought years pose a threat of water ra-
local agencies could not halt the seawater intrusion,tioning and shortages because of the lack of adequate

In 1998, the MCWRA and the MRWPCAjointly storage facilities. Seawater intrusion is a concern for
completed a $78 million Salinas Valley reclamationgroundwater users. For example after years of stable
project and Castroville seawater intrusion project,conditions, groundwater quality in municipal wells in
These projects consist of a 19.5 taf/yr tertiary treat-the Soquel-Aptos area began to degrade in 1993-94.
ment plant and a distribution system that will provideSoquel Creek Water District, the largest purveyor in
recycled water to 12,000 acres of Castroville area farms,this part of the county, relies primarily on groundwa-
During the low irrigation demand periods in winter,ter. As measured in monitoring wells along the
early spring and late fall, recycled water will supplyMonterey Bay coastline, groundwater quality degraded
most of the water needed for irrigation. During latenoticeably in less than 4 years, with chloride concen-
spring, summer, and early fall, growers will receive atrations increasing from 20 to 40 mg/L to about 250
blend of recycled water and groundwater. The projectsto 2,500 mg/L. These conditions occurred despite the
will reduce groundwater pumping in the project area,district’s managing its extractions to maintain coastal
thus reducing seawater intrusion. Additionally, thegroundwater levels above sea level and decreasing its
projects will reduce the amount of secondary-treatedpumping.
wastewater discharged to the Monterey Bay National Between urban growth and growth in tourism, the
Marine Sanctuary. The sanctuary is a federally-pro-Monterey Peninsula is expected to experience more
tected aquatic ecosystem extending from Point Reyesfrequent shortages in drought years. Water supply for
to San Luis Obispo with abundant marine resourcesthe area comes from the Carmel River, which has rela-
including kelp forests, marine mammals, and sea andtivelylittle developed storage. In its Monterey Peninsula
shore birds, water supply project final EIR/EIS, MPWMD chose

MCWRA is preparing an EIR and preliminarythe 24 taf New Los Padres Reservoir on the Carmel
design for a Salinas Valley water project to solve sea-River as its preferred alternative for meeting future
water intrusion and nitrate contamination. Majorwater needs. The proposed reservoir would expand the
components of the project include dam modificationsPeninsulas water supply and help protect and restore
and reservoir reoperation, river conveyance and diver-natural resources on the Carmel River, by providing
sion facilities, groundwater recharge, storage forinstream flows. However, voters defeated bonds for the
recycled water, distribution systems, and conservation,project in a 1995 election.MPWMD staffprepared a
The project also will include management strategieswater supply alternatives plan in 1996 which included
to address nitrate contamination problems, recommendations for expanded groundwater produc-

Seawater intrusion is also a problem facing thetion, additional recycled water use, desalting, and
Pajaro Valley~ Pajaro Valley Water Management Agencyadditional conservation programs.
is preparing environmental documents to address wa- In 1995, SWRCB determined that Cal-Am was
ter management issues facing the valley, followingdiverting approximately 10.7 taf/yr out of the Carmel
adoption of a basin management plan in 1993. TheRiver Basin without valid water rights. SWRCB or-
plan includes projects to develop local supplies, re-dered that diversions from the river be reduced, and
charge groundwater, import new water, and adoptthat sources outside of the basin be developed. One of
conservation measures to help solve groundwater over-these sources could be additional groundwater produc-
draft and attendant seawater intrusion problems,tion from the Seaside Basin, but use of this basin as a
Failing to implement the plan could result in inter-replacement for diversions from the Carmel River is
vention by SWRCB, potentially resulting in basinbeing challenged in litigation. SWRCB indicated that
adjudication and restrictions on extractions. PVWMANew Los Padres Reservoir should be reconsidered to
is working closely with SWRCB to address ground-enhance Carmel River habitat values and to provide
water overdraft problems, and SWRCB has reservedfor Cal-Am’s water supply. In 1996, Cal-Am decided
$5 million in low interest loan moneyfrom thePropo-to proceed with the New Los Padres Reservoir, but
sition 204 Seawater Intrusion Control Fund to helpwith a reduced urban yield of 10.7 tafto support only
assist PVWMA in implementing its basin management plan.existing water needs, without providing supplies for
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The Monterey Bay National
Marine Sanctuary is home

to a variety of species.

future growth.The remainder of the reservoir’s supply In response to seawater intrusion in its ground-
would be used for instream flow enhancement, water basin, the Marina Coast Water District

The City of San Luis Obispo has been pursuing acompleted a 300,000 gpd (340 af/yr) seawater desalt-
Salinas Reservoir expansion project to supplement itsing plant in 1997. The plant produces about 14 percent
water supply. The existing reservoir is owned byof the district’s water supply.
USACE and is managed by SLOCFC&WCD. The
expansion project involves installing spillway gates toWater Management Options
expand the storage capacity from about 24 taf to 42for the Central Coast Region
taf. The proposed project would increase the city’s an-
nual water supply by about 1.6 taf, but would supply Table 7-17 shows a list of options for the region,

only a portion of the city’s expected future water de-and the results of an initial screening of the options.

mands. An initial draft EIR was issued in late 1993. A
revised draft EIR was issued in May 1997.

Seawater Desalting

Current municipal seawater desalting capacity in
the Central Coast Region is almost entirely based on
the City of Santa Barbara’s desalting plant (7.5 taf/yr).
The remainder of the plants are small, less than 750 af/
yr in capadty. During the 1987-92 drought, a num-
ber of seawater desalting projects were anticipated, but
the return of average water years put most of these
plants on hold. Only Santa Barbara, Morro Ba)~ and
the San Simeon Beach State Park installed plants be-
cause of the drought. Proposed bonds for a 3 mgd
seawater desalting plant for Monterey Peninsula Wa-
ter Management District were rejected by voters in
1992. The plants in Santa Barbara and San SimeonThe Cuyama River has its headwaters in northwestern

Ventura County and flows onto the Cuyama Valley floor in
are on standby. The plant at Morro Bay is used onlySan Luis Obispo and Santa Barbara Counties. As suggested
during dry periods when groundwater supplies are lim-by this photo, the river’s flow is ephemeral. Valley agriculture
ited. is supported by groundwater.
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TABLE 7-17
Central Coast Region List of Water Management Options

Option Retain Reason for Deferral
or Def~

Conservation
Urban

Outdoor Water Use to 0.8ETo Retain

Indoor Water Use Retain

Interior CII Water Use Retain

Distribution System Losses Retain

Agricultural

Seasonal Application Efficiency Improvements Defer No significant depletion reductions attainable.

Flexible Water Delivery Defer No significant depletion reductions attainable.

Canal Lining and Piping Defer No significant depletion reductions attainable.

Tailwater Recovery Defer No significant depletion reductions attainable.

Modify Existing Reservoirs/Operations

Modify Nacimiento Spillway Retain

Inter-Lake Tunnel - Nacimiento/San Antonio Defer Alternative to preferred Nacimiento spillway
Reservoirs modification.

Enlargement of Salinas Reservoir Retain

Enlargement of Cachuma Reservoir Retain

Enlargement of Lopez Reservoir Defer Excessive unit cost.

New Reservolrs/Conveyance Facilities

College Lake Retain

Bolsa De San Cayetano Reservoir Defer Fishery and foundation issues; excessive cost.

Corncob Canyon Reservoir Defer High level of housing development in canyon.

Pescadero Reservoir Defer Fishery and foundation issues; excessive cost.

Gabilan Creek Dam Defer Questionable water supply.

Feeder Streams (Various Sites) Retain

Chalone Canyon Dam Defer Questionable water supply.

Vaqueros Canyon Dam Defer Questionable water supply.

New Los Padres Reservoir Retain

Nacimiento Pipeline Retain

Arroyo Seco Dam Defer Impacts to environment, residential and
commercial development.

Barloy Dam Defer Questionable water supply.

Mathews Dam Defer Questionable water supply.

Jerret Dam Defer Questionable water supply.

New San Clemente Reservoir Defer Strong regulatory agency objections.

San Clemente Creek Reservoir Defer High probability of inundating spotted owl habitat.

Cachagua Reservoir Defer Questionable supply and located outside
MPWMD boundaries.

Canada Reservoir Defer Questionable geological conditions at dam site.

Klondike Dam Defer Located near active faults; inundation of residential
development.

Chupines Creek Reservoir Defer Questionable supply and located outside
MPWMD boundaries.

Pine Creek Defer Potential impacts to environmentally sensitive
aress.
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TABLE 7-17

Central Coast Region List of Water Management Options (continued)

Opt’on Retain Reason for D~rral
or Defer

Buckeye Creek Defer Located near active faults; unsuitable dam
foundation.

Lower Jack Defer Environmental impacts; riparian oak grassland.

Santa Rita Defer Environmental impacts; riparian oak grassland.

Camuesa and Salsipuedes Reservoirs Defer Environmental impacts; presence of endangered
species.

Hot Springs, New Gilbraltar, and Round Defer Insufficient yield, high unit cost of water.
Corral Reservoirs

Groundwater/Conjunctive Use

College Lake Injection/Extraction Wells Retain

Increase Groundwater Development in Retain
Seaside Basin

Seaside Conjunctive Use Defer Insufficient yield.

Salinas River Well System Defer Will not produce supply without implementing
other new supply component.

Storage and Infiltration Basins/Recharge Defer Questionable water supply.

Upper/Lower Carmel Valley Well Development Defer Questionable water supply.

Water Marketing

CVP (San Felipe Project Extension) Retain

SWP (Coastal Branch/Salinas River/NacimientoDefer No current local interest.
transfer)

Water Recycling

Aquifer Storage/Recovery - Monterey County Retain
Water Resources Agency

Castroville Seawater Intrusion Project expansionRetain

Santa Cruz Water Reuse Project - Pajaro ValleyRetain

SSLOCSD Reclamation Project - City of Arroyo Retain
Grande

SVWD Recycled Water Plant - Scotts Valley Retain
Water District

Urban Reuse Project - Monterey Regional WaterRetain
Pollution Control Agency

Watsonville Water Resue Project - Pajaro ValleyRetain

Injected Treated Water/Carmel River Mouth Defer Health concerns.

Desalting

Brackish Groundwater

City of Santa Cruz Retain

Seawater

Monterey Peninsula Water Management DistrictRetain
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TABLE 7-17

Central Coast Region List of Water Management Options (continued)

Option Retain Reason for Deferral
or Defer

Other Local Options

Weather modification Defer Difficult to quantify.

-.~ Salinas River Diversion and Distribution ProjectRetain

Statewlde Options

-- -- See Chapter 6.

The retained options were evaluated (Table 7A-3 inor groundwater recharge projects). Some of these op-
Appendix 7A) based on a set of fixed criteria discussedtions are estimated to cost about $100/~---raising and
in Chapter 6. widening the spillway at Nacimiento Reservoir is one

such option. Sediment removal may provide a very
Water Conservation small amount of additional supply; and MPWMD is

Urban. Urban water demand forecasts for 2020 studying the effectiveness of sediment removal from

assume that BMPs are in place; consequentl)~ onlyits existing reservoirs (Los Padres and San Clemente).

those urban conservation efforts which exceed BMPs There are two proposals for reservoir enlargements

are considered as options. Reducing outdoor water usein the Southern PSA. The Salinas Reservoir enlarge-to 0.8 ET° in new development would attain about
ment project would install a radial gate to raise the

4 taf/yr of depletion reductions, while extending thisspillway height 19 feet above its existing elevation, in-

measure to include existing development would reducecreasing the reservoir’s storage capacity by about 18 taf,

depletions by about 13 taf/yr. Reducing residential in-and the City of San Luis Obispo’s annual yield by al-

door water use to 60 and 55 gpcd would reducemost 2 tar.. In Santa Barbara County raising USBR’s
depletions by 8 and 17 taf/yr, respectively. ReducingBradbury Dam (Cachuma Reservoir) 50 feet for addi-

CII water use by an additional 3 and 5 percent wouldtional water supply plus an additional 40 feet for flood

attain 2 tafand 3 taf of depletion reductions per year,surcharge storage could result in an additional annual

respectively. Reducing distribution system losses to 7yield of 17 tafat a cost of about $1,200/af. The reser-

and 5 percent would save 3 and 8 taf/yr, voir would serve coastal areas and the Santa Ynez Valley.

Agricultural The 2020 agricultural water demand
forecasts assume that EWMPs are in place. As with

New Reservoirs and Conveyance Facilities

the urban water management options, only those ag- In the Pajaro Valley, constructing a 27-foot high
ricultural conservation efforts which exceed EWMPsdam at the existing College Lake drainage pump house
are considered as options. Agricultural conservationwould create a 10 taf reservoir. The reservoir could be
options were deferred for this region, because no sig-supplied with natural runoffand a supplemental 25 cfs
nificant depletion reductions would be achieved. Excessdiversion from Corralitos Creek during the winter. Its
applied irrigation water recharges aquifers in the ma-annual yield of 3.4 tafcould be supplied to the coastal
jot agricultural areas, or inland distribution systems through a 5-mile,

30-inch diameter pipeline. The cost of this option is
Nlodi3~ Existing Reservoirs or Operations estimated to be under $400/af. Other reservoir op-

In the Northern PSA, most of these options in-tions include Corncob Canyon and Pescadero Creek,
volve Nacimiento and San Antonio Reservoirs. Theboth of which could store up to 10 taft new water sup-
options include raising and widening the spillway atplies produced by either of these options are estimated
Nacimiento Reservoir, constructing a tunnel or pipe-to cost about $600/af. Bolsa De San Cayetano (esti-
line between the two reservoirs, and changing reservoirmated to cost $640/af) could store up to 4 tag. These
operation rules. Any combination of these reservoirlatter three options were deferred, as shown in Table 7-17.
modification options would likely be combined with A dam on Arroyo Seco was removed from further
other options (such as improved conveyance facilitiesconsideration as a water supply project, although
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MCWRA may evaluate it as a flood control project,runoffcurrently captured in College Lake). These wells
The Monterey Peninsula could receive up to 24 taf/yrwould be used to extract groundwater during drought
from the proposed New Los Padres Reservoir, at a costyears when deliveries of San Felipe water are reduced.
of about $400/af. This new reservoir would inundateOn the Monterey Peninsula, the Seaside groundwater
the existing Los Padres Dam on the Carmel River. A1-basin has the potential to produce an additional 1 taf/
though bonds to fund this option were rejected in ayr. This option may be pursued if legal challenges are
1995 election, Cal-Am announced its intentions toresolved, because of SWRCB’s order which encour-
proceed with a reformulated version ofthe project withages the maximum use of supplies from Seaside to
11 tar of annual yield at a cost of $800/af. SWRCB’sreduce diversions from the Carmel River. Another op-
requirements that Cal-Am provide a new firm supplytion would be to retrofit existing wells in the Seaside
for existing uses and improve fishery habitat in theBasin to accomplish both injection and extraction, to
Carmel River make New Los Padres a likely futureincrease storage and to use Carmel River and other
project, supplies more efficiently. This option would include a

SLOCFC&WCD has an annual 17.5 taf entitle-series of new wells and a pipeline system from inland
ment from Nacimiento Reservoir, only about 1.3 tarareas (Fort Ord) to the Monterey Peninsula. The sys-
of which is now used. A pipeline would be needed totem would be operated primarily for drought year
distribute the remaining 16.2 tafto 18 water purvey-supply. Yields and costs of this option are unknown at
ors. The preferred pipeline alignment would gopresent.
through the communities of Paso Robles, Templeton, In Santa Cruz County; options include several new
Atascadero, Santa Margarita, and San Luis Obispo andwells and deep brackish groundwater wells (with re-
terminate near Avila Beach. This option is not affectedverse osmosis treatment facilities) in the northern coast
by reservoir modifications under consideration byarea. The new wells would provide an additional wa-
MCWRA. ter supply of about 3 tafwhile the brackish wells would

There are opportunities to import purchased wa-be used for drought contingenc~ The groundwater
ter wheeled through the CVP or SWP into theresources of the north county could be increased by
Northern PSA. In the Pajaro Valley; an option involvesdeveloping small local recharge projects, such as re-
connecting a pipeline to USBR’s San Felipe Unit, whichtention basins. However, the incremental yield of these
serves CVP water from San Luis Reservoir to Santaprojects would be small since the soils in the area are
Clara and San Benito Counties. PVWMA could con- sandy and runoff is already minimal. There are no
nect to the San Felipe Unit by constructing a 22-milephysical facilities available for artificial recharge in the
pipeline from the Watsonville Turnout. This 42-inchSouthern PSA, but there are some potential sites along
diameter pipeline with a capacity of 75 cfs would becoastal streams in San Luis Obispo County where ad-
able to deliver a maximum of20 taf/yr. PVWMAdoes ditional runoff could be used for recharging
not have a CVP water service contract. CVPIA bannedgroundwater basins.
execution of new water service contracts for an indefi-
nite period of time. The average annual yield of aWater Marketlng

connection to the San Felipe system is estimated to be In the Salinas Valley, SWP water from the Coastal
13 taf, if a source of purchased water could be found.Branch could be purchased and either traded with San
Northern Monterey County could also benefit from aLuis Obispo County for that county’s existing entitle-
San Felipe extension because of its close proximity toment to Nacimiento reservoir water or delivered
the Pajaro Valley. directly through a pipeline constructed at the

aqueduct’s crossing of the Salinas River. There are pres-
Groundwater Development and Conjunctz’ve Use ently no local agencies seeking water marketing

Because groundwater is the primary water sourcearrangements using this approach.
for the Central Coast Region, many options have a PVWMA is evaluating options for assignment of
groundwater recharge component alone or in combi-CVP water from project agricultural water contrac-
nation with surface water development projects. In thetors and opportunities for participation with SCVWD
Pajaro Valley, options include the Pajaro recharge ca-and San Benito County Flood Control and Water
hal (1.5 tar annually) and the College Lake injection/Conservation District (existing CVP San Felipe Divi-
extraction wells (seven wells to inject diverted surfacesion contractors) in water marketing arrangements.
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Water Recycling tiary treatment facilities for an additional annual yield

For the Northern PSA, water recycling optionsof 2 tafby the year 2000.

include an aquifer storage and recovery program whichDesalting
would use injection wells to store recycled water pro-
duced during the winter, and then would extract this Several coastal cities in the region have identified

water for irrigation in the Castroville area during thedesalting options for additional water suppl)~ The City

summer months. This program has an estimated an-of Santa Cruz is conducting a feasibility study on a

nual yield of up to 8.3 taf. 4.5 taf/yr brackish groundwater desahing plant to
supplement local water supplies. The Cambria and SanIn the Pajaro Valley, a 12 or 18 mgd recycling plant

would be constructed adjacent to the existingSimeon community services districts had plans, re-

WatsonvilleWastewaterTreatment Plant. The 12 mgdcently put on hold, to jointly construct a 320 af/yr

plant (about 13.4 tafannually) would treat water from(with ultimate capacity of 1.3 tar annually) seawater

the Watsonville area; the 18 mgd plant (about 20.1 tardesalting plant. Monterey Peninsula Water Manage-
ment District’s plans for a 3.4 taf/yr seawater desahingannually) would treat water from both Watsonville and

Santa Cruz. The 18 mgd option would require con-plant were defeated by voters in the 1992 election.

structing a pipeline from Santa Cruz to Watsonville toOther Local Options
transport treatment plant effluent. In the Salinas Valley; a Salinas River diversion and

On the Monterey Peninsula, the Carmel Areadistribution project is being planned to transfer up to
Wastewater District/Pebble Beach Community Ser-

35 taf/yr to northern Salinas Valley to halt seawatervices District treatment plant could be expanded to
intrusion. In the Northern PSA, MCWRA has aprovide more recycled water (up to 100 af annually)
weather modification program which targets the wa-for use on golf courses, open space, or cemeteries. In
tersheds of the Nacimiento and San Antonio Rivers1992, local water agencies studied potential markets
and the Arroyo Seco. MCWRA estimates that increasedfor recycled water produced by the regional recyclingannual flows into reservoirs ranged from about 8 taf

plant near Marina. Potential uses of recycled water in
Fort Ord, Seaside, and other Monterey Peninsula corn-to 68 tafbetween 1990 to 1994. San Luis Obispo be-

munities having a potential annual demand of up to 1
gan a 3-year cloud seeding program in January 1991

tafwere identified, but the uses were deemed economi-to produce more runoff in the Salinas and Lopez Wa-
tersheds. Although this program has ended, futurecally infeasible at that time. This study is currentlyprograms may be a possibility. Future weather modifi-

being updated to reflect the conversion of Fort Ord tocation options are difficult to quantify and are not
civilian use. evaluated in this Bulletin. Weather modification pro-

For the Southern PSA, recycled water projects havegrams are often operated on a year-to-year basis by waterbeen proposed in conjunction with construction of new
agencies, and are usually not reliable supply sources inor expanded municipal wastewater treatment plants,drought years due to a lack of storm systems to seed.

In coastal areas--such as San Luis Obispo Bay, Estero,
and south San Luis Obispo County--treated waste-Statewide Options
water is discharged to the ocean, and reusing the Statewide water supply augmentation options are
wastewater would help reduce water supply shortages,discussed and quantified in Chapter 6.
(In the City of San Luis Obispo and in communities
along the Salinas River, the wastewater recharges the
groundwater basin.) Options Likely to be Implemented

Planned recycling projects in Santa Barbarain Central Coast Region
County include the Santa Barbara regional water re- Water supplies are not available to meet all of the
use project, which would provide 1.6 taf of recycledregion’s 2020 water demands in average or drought
water annually for landscape irrigation within the Cityyears. Applied water shortages are forecasted to be
of Santa Barbara, Montecito Water District, and172 tafand 270 tafin average and drought years, re-
Summerland County Water District. This projectspectively. Ranking of retained water management
would replace potable water being used for irrigation,options for the Central Coast Region is summarized
Other potential projects involve expanding Lompoc’sin Table 7-18. Table 7-19 summarizes options that can
secondary treatment facilities and Santa Barbara’s ter-likely be implemented by 2020 to relieve the shortages.
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TABLE 7-18
Options Ranking for Central Coast Region

Op~ona                         Rank      Cost ($/a~)     Potential Gain (ta~
Average    Drought

Conservation
Urban

Outdoor Water Use to 0.8ETo- New Development M 750 4 4

Outdoor Water Use to 0.8ETo- New and Existing DevelopmentM b 13 13

Indoor Water Use (60 gpcd) M 400 8 8
ind~0r water u~e (55 gpcd) M 600 17 17
Interior CII Water Use (3%) M 500 2 2

Interior CII Water Use (5%) M 750 3 3
Distribution System Losses (7%) M 200 3 3

Distribution System Losses (5%) M 300 8 8

Modify Existing Reservoirs/Operations
Modify Nacimiento Spillway H 120 20 b

Enlargemen~ 0~Salinas ReseFvolr M 400 2

Enlargement of Cachuma Reservoir L 1,200 17

New Reservoirs/Conveyance Facilities
College Lake M 350 3

¯ ~ Feeder S~eams (Various Sites) M 400

N~w Los Padres R~servoir M 800 11 11
Nacimiento Pipeline M 950 16 16

Groundwater/Conjunctive Use
C0[lege Lake !njection/Extraction ~We!!s M 130 2 2

Increase Groundwater Development in Seaside Basin L 410 I 1

Water Marketing
CVP (San Felipe Project Extenskm) M 580 13 2

Water Recycling
Group 1 (Co_~t < $50o/~3 H 500 29 29
Group 2 (Cost $500/af- $1,000/af) M 1,000 8 8

De.salting

Brackish Groundwater
City of Santa Cruz L 1,100 5 5

Seawater
Monterey Peninsula WMD L 1,700 3 3

Other Local Options

Salinas River D~er~s!_on and Disiributi0n Project M b 35 b

Statewlde Options
See Chapter 6.

a .ill or pa~ts of the amounts shown for highlighted options have been included in Table 7-19.
b Data not available to quantify.
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The urban water conservation options beyondOther spillway modifications are also being evaluated
BMPs that would likely be implemented would addto allow more water to be released throughout the year
32 taf/yr in depletion reductions in the region. Addi-for recharge. A long-term water management plan for
tional reliance on water recycling will be likely in thethe Monterey Peninsula would likely include construc-
future to alleviate shortages. Additional water recyclingtion of the proposed New Los Padres Dam, which
in the region could produce 29 taf/yr of new watercould augment supplies by 11 taf/yr.
supply. Recycled water would be used for landscap- In San Luis Obispo Count~ current planning fo-
ing, direct agricultural application, and groundwatercuses on the Nacimiento pipeline, which would convey
recharge, a portion of the county’s entitlement of 17.5 taf/yr

In the Pajaro Valley, options that would likely befrom Lake Nacimiento in northern San Luis Obispo
implemented by 2020 would include a pipeline toCount~ Communities potentially receiving supplies
connect to the CVP’s San Felipe Unit to provide anfrom this option include the City of San Luis Obispo
opportunity for water transfers, and Cayucos (through an exchange of water from

Modifying existing reservoirs or constructing newNacimiento and Whale Rock Reservoirs). In addition,
reservoirs are likely options for the region. One likelythe communities of Paso Rubles, Templeton, and
option to augment water supplies in the Salinas ValleyAtascadero may also receive supplies for groundwater
would be to modify Nacimiento’s spillway. Raising therecharge.
spillway 6.5 feet would increase storage capacity by Ifimplemented, the identified options would still
34 taf, increasing the reservoir’s yield by about 20 ta£leave remaining shortages in drought years of 100 taf.

TABLE 7-19

Options Likely to be Implemented by 2020 (taf)
Central Coast Region

Average Drought

Applied Water Shortage 172 270

Options Likely to be Implemented by 2020
Conservation 32 32
Modifi! Existing Reservoirs/Operations 22 a

New Reservoirs/Conveyance Facilities 27 27
Groundwater/Conjunctive Use 2 2
Water Marketing 13 2
Recycling 29 29
Desalting - -
Other Local Options 35 a

Statewide Options 5 57
Expected Reapplication 7 21

Total Potential Gain 172 170

Remaining Applied Water Shortage 0 100
a Data not available to quantify.
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FIGURE 7-5
South Coast Hydrologic Region

Colorado River
* ~Lake
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South Coast
Hydrologic Region

Description of the Area sufficient to support winter sports in the San Bernar-

The South Coast is Californi~s most urbanizeddino and San Gabriel Mountains.

hydrologic region (Figure 7-5). Although it covers only There are several prominent rivers in the region,

about 7 percent of the State’s total land area, it is homeincluding the Santa Clara, Los Angeles, San Gabriel,

to roughly 54 percent of the State’s population. Ex-Santa Ana, Santa Margarita, and San Luis Rey. Some
segments of these rivers have been intensely modifiedtending eastward from the Pacific Ocean, the region is

bounded by the Santa Barbara-Ventura County linefor flood control. Natural runoffofthe region’s streams

and the San Gabriel and San Bernardino Mountainsand rivers averages around 1.2 mar annually.
The largest cities in the region are Los Angeles,on the north, and a combination of the San Jacinto

Mountains and low-elevation mountain ranges in cen-San Diego, Long Beach, SantaAna, and Anaheim. Al-

tral San Diego County on the east, and the Mexicanthough highly urbanized, about one-third of the

border on the south. Topographicall~ the region isregion’s land is publicly owned. About 2.3 million acres

comprised of a series of broad coastal plains, gentlyis public land, of which 75 percent is national forest.

sloping interior valleys, and mountain ranges ofmod-Irrigated crop acreage accounts for a small percent of

erate elevations. The largest mountain ranges in theland use. Table 7-20 shows the region’s population and

region are the San Gabriel, San Bernardino, Sancrop acreage for 1995 and 2020.

Jacinto, Santa Rosa, and Laguna Mountains. Peak el-
evations are generally between 5,000 and 8,000 feetWater Demands and Supplies
above sea level; however, some peaks are nearly Since the turn of the century, extensive water de-
11,000 feet high. velopment has been carried out in the South Coast

The climate of the region is Mediterranean-like,Region. Steady expansion of population and of the
with warm dry summers followed by mild winters. Ineconomy led to the demands and financial resources
the warmer interior, maximum temperatures duringto build large water supply projects for importing wa-
the summer can be over 90°E The moderating influ-ter to the region. In 1913, the Los Angeles Aqueduct
ence of the ocean results in lower temperatures alongbegan importing water from the Owens Valley to the
the coast. During winter, temperatures rarely descendSouth Coast Region. Los Angeles diversions from the
to freezing except in the mountains and some interior
valley locations. TABLE 7-20

About 80 percent of the precipitation occurs dur- Population and Crop Acreage
ing the four-month period from December through
March. Average annual rainfall can range from 10 to Populatlon Irrigated Crop Acreage
15 inches on the coastal plains and 20 to 45 inches in (thousands) (thousands of acres)
the mountains. Precipitation in the highest mountains 1995 17,299 313
commonly occurs as snow. In most years, snowfall is 2020 24,327 190
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Although the South Coast
Region has been extensively
urbanized, some species of
wildlife have learned to
coexist with suburban
development. The region’s
remaining riparian areas
still support such common
mammals as skunks and
raccoons.

Mono Basin began in 1940 .when the LAA was ex-sions from the Mono Basin and Owens Valley have
tended by about 11 miles (a second conduit was addedreduced the amount of water the City of Los Angeles
in 1970). In 1941, MWDSC completed its Coloradocan divert (see South Lahontan Region).
River Aqueduct, which now provides about 25 per-
cent of the region’s supply. SWP began delivering waterColorado RiverAqueduet

from the Delta to the South Coast Region in 1972. MWDSC was created in 1928 to construct and
Table 7-21 shows the water budget for the region, operate the Colorado River Aqueduct to deliver Colo-.

rado River water to Southern California. MWDSC
Los Angeles Aqueduct wholesales water supplies from the Colorado River and

The Los Angeles Department of Water and Power the SWP to water agencies throughout Southern Cali-
owns and operates the LAA which diverts both sur-fornia.
face and groundwater from the Owens Valley and MWDSC and its 27 member agencies (Table 7-
surface water from the Mono Basin. The combined22) serve 95 percent of the South Coast Region. Some
carrying capacity of the aqueduct system is aboutagencies rely solely on MWDSC for their water sup-
760 cfs, or about 550 taf/yr. An average of 400 taf/yrply, while man~ like the City of Los Angeles, rely on
of water is delivered through the LAA with a record MWDSC to supplement existing supplies. Between
534 tafin 1983. Court-ordered restrictions on diver-its fiscal years 1970 and 1994, the City of Los Angeles

TABLE 7-21

South Coast Region Water Budget (taf)a ,

1995 2020

Average Drought Average Drought

Water Use
Urban 4,340 4,382 5,519 5,612
Agricultural 784 820 462 484
Environmental 100 82 104 86
Total 5,224 5,283 6,084 6,181

Supplies
Surface Water 3,839 3,196 3,625 3,130
Groundwater 1,177 1,371 1,243 1,462
Recycled and Desalted 207 207 273 273
Total 5,224 4,775 5,141 4,865

Shortage 0 508 944 1,317
* Water use/supply totals and shortages may not sum due to rounding.
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For much of lts l~,ngth,
LAD WP’s aqueduct skirts

the eastern flank of the
Sierra Nevada.

purchased an average of 130 taf/yr from MWDSC,a state groundwater banking act, Arizona’s use has
about 20 percent of the City’s total water supply. Inreached it basic apportionment. California’s reduction
1996, almost 90 percent (447 tar) of San Diego Countyof Colorado River use from current levels to 4.4 maf/
Water Authority’s total water supply was purchasedyr has significant implications for the South Coast Re-
from MWDSC. gion. (See the issues section below and the Colorado

MWDSC has received Colorado River water sinceRiver Region in Chapter 9). California’s Colorado River
1941 under contracts with USBR. These contracts haveuse reached a high of 5.4 mar in 1974, and has varied
allowed the diversion of 1.21 maf/yr, as well as 180 taf/from 4.5 mafto 5.3 mafannuallyover the past 10 years.
yr of surplus water when available. (The maximum
capacity of the CRA is 1.3 maf/yr.) California’s basicState Water Project

apportionment of Colorado River water is 4.4 maf/yr Local agencies contracting with the SWP for part
plus one-half of any surplus water, when available. Inof their supplies are shown in Table 7-23.
the past, California was able to use hydrologic sur- MWDSC is the largest SWP contractor, with an
pluses and the amount apportioned to, but not usedannual entitlement of more than 2 maf. In 1992,
by, Nevada and Arizona. With completion of the Cen-Castaic Lake Water Agency assumed the SWP con-
tral Arizona Projedt and Arizona’s 1996 enactment oftract of Devil’s Den Water District in the Tulare Lake

TABLE 7-22

Metropolitan Water District of Southern California Member Agencies

Cities Municipal Water Districts Water Authority

Anaheim Calleguas San Diego County
Beverly Hills Central Basin
Burbank Chino Basin
Compton Coastal
Fullerton Eastern
Glendale Foothill
Long Beach Las Virgenes
Los Angeles Orange County
Pasadena Three Valleys
San Fernando West Basin
San Mazino Upper San Gabriel Valley
Santa Aria Western of Riverside County
Santa Monica
Torrance
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TABLE 7-23

State Water Project Contractors in the South Coast Region

Agency Contract
SWP Deliveries

Entitlement (taJ) in 1995 (taj9

Castaic Lake WA 54.2 ~27.2
San Bernardino Valley MWD 102.6 0.7
San Gabriel Valley MWD 28.8 t:2.9
San Gorgonio .Pass:WA - 17.3 0
MWDSC 2,011.5 436.0 ~-- "~O "
Ventura County FCD 20.0a 0
a Ventura County FCD ~.ble~ i.85 taf/yr to MWDSC.

~7~ ,off

Region, increasing Castaic’s entitlement to 54.2 tar.nities of Banning and Beaumont), and to provide sys-
Within the SanBernardino Valley Municipal Watertern improvements to SBVMWD. The Notice of
District sdrvice area, groundwater is the major waterDetermination for the final supplemental EIRwas filed
source, and hence the district has used little of its SWPin March 1998. The project will be constructed in two
water. Ventura County Flood Control District also phases. Phase I construction is scheduled to begin in
relies mostly on groundwater and has taken deliverylate 1998 and to be completed by late 2000. A second
of SWP supply only twice, during the drought in 1990phase will be constructed to serve the Mentone area if
and 1991. San Gorgonio Pass Water Agency (whichdemand increases.
also serves a portion of the Colorado River Region)
lacks the facilities to take delivery of SWP water, andLocal SuCace Water Supplies

to date has received no supply from the SWE. Table 7-24 lists major local storage reservoirs in
The Department is working with the SGPWA and the region. Most of the larger reservoirs in the region

SBVMWD to extend the East Branch of the Califor- have water supply as their primary purpose. However,
nia Aqueduct to SGPWA, which serves the Banningseveral of the larger water supply reservoirs do not de-
Pass area of Riverside County (including the commu-velop local supply--they are the terminal facilities of

the major conveyance facilities that import water to
the region.

Table 7-25 lists local water supply reservoirs in
MWDSC’s service area with at least 10 tafstorage ca-
paci~

About 96 percent of San Diego County’s popula-
tion resides within SDCWA’s service area. SDCWA, a
wholesale water agenc> purchases imported water from
MVgDSC and delivers the water to its 23 member
agencies (Table 7-26) in the western third of San Di-
ego County through two aqueduct systems. SDCW/gs
maximum annual delivery was 647 tafin 1990. Most
of San Diego’s in-county water supplies are from local
agencies’ surface reservoirs. Twenty-four surface reser-
voirs are located within its service area, with a combined
capacity of approximately 569 taf. Some reservoirs are
connected to SDCWb2s aqueduct system and can re-
ceive imported water in addition to surface runoff. In

The Dwpartmen£sA.D. Edmonston Pumplng Plant lifts
1995, local water sources provided 118 taf, or 23 per-

California Aqueduct water 1,926feet awoss the Tehaehapi cent of the water used in SDCWE’s service area. (Since
Mountains to serve Southern California. The maximum 1980, local surface water supplies have ranged from
plant capadty is 4,480 q}. 33 tar to 174 taf annually.)
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TABLE 7-24
Major Reservoirs in the South Coast Regiona

Reservoir Owner Capacity Primary
(taj9 Pu~oo~e

Casitas USBR 254 Water Supply
Lake Piru United WCD 88 Water Supply
Pyramid DWR 171 Water Supply
Castaic DWR 324 Water Supply
Big Bear Lake Big Bear MWD 73 Water Supply
Perris DWR 132 Water Supply
Mathews MWDSC 182 Water Supply
Vail Rancho California WD 51 Water Supply
Henshaw Vista ID 52 Water Supply
San Vicente City of San Diego 90 Water Supply
E1 Capitan City of San Diego 113 ¯ Water Supply
Morena City of San Diego ~50 Water Supply
Whittier Narrows USACE 67 Flood Control
Pradob USACE 188 Flood Control
Seven Oaks (under construction) USACE 146 Flood Control
Eastside (under construction) MWDSC 800 Water Supply
a Reservoirs with capacity greater than 50 taf.

I, 26 tafofstorage capacity is used for water supply purposes, for downstream groundwater recharge.

TABLE 7-25
Reservoirs Owned by Water Retailers in MWDSC’s Service Areaa

Reservoir Agency Capacity (taj)
Bard Calleguas MWD 10
Vail Rancho California 51
Hemet Lake Hemet MWD 14
Westlake Las Virgenes MWD 10
Los Angeles City of Los Angeles 10
Stone Canyon City of Los Angeles 11
Santiago Irvine Ranch WD & Serrano ID 25
Henshaw Vista ID 52
Barrett City of San Diego 38
El Capitan City of San Diego 113
Lake Hodges City of San Diego 34
Morena City of San Diego 50
Lower Otay City of San Diego 50
San Vicente City of San Diego 90
Sutherland City of San Diego 30
Loveland South Bay ID 25
Sweetwater South Bay ID 28
Railroad Canyon Temescal Water Company 12
= Reservoirs with capacity of at least 10 ta£
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The City of San Diego’s
Murray Dam, shown under
construction in 1917, is a
multiple arch concrete dam
impounding a 6 taf reservoir.

~ The wooden stavepipeline

below eonveyed supplies
i for the Cuyamaca

Water Company.

~ ~ ~ ~ . i~ ..,.~ Courtesy of Water Resources Center
Archives, Un~ver~y of Cal~rnla, Battery

Groundwater Supplies ..........

Groundwater is a major local supply source in the
remaining counties in MWDSC’s service area. For ex-
ample local supplies developed by individual retail
agencies, primarily groundwater, presently account for
about 50 percent of Orange County’s water use. There
are numerous groundwater basins (Figure 7-6) along
the coast and inland valleys of the region. Many of
these basins are actively managed by public agencies
or have been adjudicated by the courts. Some ground-
water basins are as large as several hundred square miles
in area and have a capacity exceeding 10 maf. The
South Coast’s current estimated annual groundwater
use is about 1.2 maf. Recharge occurs from natural in-
filtration along river valleys, but in many cases facilities
have been constructed to recharge local, imported, or
recycled supplies. For example, in average years the
Los Angeles Department of Public Works intention-

TABLE 7-26
San Diego County Water Authority Member Agencies

Cities Municipal Water Districts Irrigation Districts
Del Mar Carlsbad Santa Fe
Escondido Olivenhain South Bay
National City Padre Dam Vista
Oceanside Rainbow
Poway Ramona Public Utility District

San Diego Rincon Del Diablo Fallbrook

Valley Center Reservation
Water Distt4cts Yuima Pendleton MilitaryHelix

Otay Ex-Officlo 1Vlember
San Dieguito San Diego County
Vallecitos
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FIGURE 7-6       ~
South Coast Groundwater Basins
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ally recharges 230 tafoflocal flows, 60 tafofimportedpeople living on the coastal plain between Ventura
water, and 50 tafofrecycled water. These surface sup-County and the Mexican border. MWDSC is con-
plies not only replenish groundwater basins, but canstructing Eastside Reservoir to better manage its water
be banked for later use. Programs are in place to banksupplies between wet and dry years. The 800 tafreser-
imported water, when available in wetter periods, tovoir, located near Hemet in southwestern Riverside
increase groundwater production during the summerCount~ will nearly double the region’s existing sur-
season and in drought years. At a 1995 level of devel-face storage capacity and will provide increased terminal
opment, about 100 tafis banked in average years. Thisstorage for SWP and Colorado River supplies. When
water is included as an average year urban water de-completed, Eastside Reservoir would provide the en-
mand in Bulletin 160-98 water budgets for the Southtire region with a six-month emergency supply after
Coast. an earthquake or other disaster. It would also provide

Table 7-27 shows adjudicated groundwater basinswater supply for drought protection and peak sum-
in the South Coast Region. In the adjudicated ground-met demands.
water basins, the court appoints watermasters to oversee Under construction in the Domenigoni and Dia-
the court judgement. The court judgement limits themond Valleys, the $2 billion project consists of two
amount of groundwater that can be extracted by par-embankments to block the east and west ends of the
ties to the judgement, valleys, and a saddle dam located along a low point in

the hills which form the northern boundary of the res-
ervoir. The reservoir includes a forebay and pumping

Local Water Resources plant, and the 8-mile, 12-foot diameter Eastside Pipe-
Management Issues line. After reservoir completion in 1999, up to four

years will be needed to fill the reservoir with imported
Water Supply Reliability water. Water from the Colorado River Aqueduct will

Since local supplies are insufficient to meet waterbe delivered through the San Diego Aqueduct to the
demands, the region imports more than 60 percent ofreservoir forebay and pumped into the reservoir. SWP
its supply. A natural disaster or other emergency thatwater will either be delivered from the Santa Ana Val-
would curtail or limit imports to the region would beley Pipeline and bypassed around Lake Perris, or taken
detrimental. Water supply reliability is a critical issuefrom Lake Perris and conveyed through MWDSC’s
for the region and water agencies are seeking to ensuresystem into the reservoir forebay.
a more reliable and adequate supply in case of emer- The Inland Feeder is a new conveyance facility to
gencies, deliver SWP water made available by enlargement of

Eastslde Reservoir. MWDSC provides about the East Branch of the California Aqueduct. Upon its
60 percent of the water used by the nearly 16 millioncompletion in 2004, the Inland Feeder will deliver

Plans to construct a San
Diego emergency storage
project r~ct the area’s
vulnerability to natural
d~ters ~eh ~ ea~hq~kes.
Much of the area~ supplies
are imported through the
Co~rado Riv~ Aqueduct.
Th~ photo shows an early
examp~ of local eonv~anee
projee~a wood~ ~est~
ea~ing a flume a~oss the
$wee~at~ River.

Courte~/ of Wat~r Resoureas Center
Arehlves, University of CaliJ~rn~ Berkeley
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TABLE 7-27

Adjudicated Groundwater Basins in the South Coast Region

Court Name Filed in Final Watermaster Basin Name, County
Court Derision

Upper Los Angeles 1955 1979 Superior Court appointee San Fernando Valley Basin (entire
River Area watershed), Los Angeles County

Raymond Basin 1937 1944 Raymond Basin Management Northwest part of San Gabriel
Board Valley Basin, Los Angeles County

Main San Gabriel 1968 1973 9-Member Board appointed by San Gabriel Valley Basin, excluding
Basin the Los Angeles County Superior Raymond Basin, Los Angeles

Court County

Central Basin 1962 1965 DWR Northeast part of Coastal Plain of
Los Angeles County Basin, Los
Angeles County

West Coast Basin 1946 1961 DWR Southwest part of Coastal Plain of
Los Angeles County Basin, Los
Angeles County

Puente 1985 1985 Two consultants, one Southeast part of
representing the Walnut Valley San Gabriel Valley Basin,
WD and Rowland WD; and one Los Angeles County
for the City of Industry and
Industry Urban Development
Agency; and a third neutral party

Santa Margarita 1951 1966 U.S. District Court appointee The entire Santa Margarita River
River Watershed watershed, including Santa

Margarita Coastal, Murrieta-
Temecula and Anza-Cahuilla
groundwater basins, San Diego and
Riverside Counties

Santa Paula Basin 1991 1996 3 person Technical Advisory Sub-basin of Santa Clara River,
Committee from United Water Ventura County
Conservation District, City of
Ventura, and Santa Paula Basin
Pumpers Association

Chino Basin 1978 1978 9-Member Board Chino Basin, northwest part of
Upper Santa Ana Valley Basin, San
Bernardino and Riverside Counties

Cucamonga Basin N/A 1958 Cucamonga County WE) and Cucamonga Basin, north-central
San Antonio Water Company part of Upper Santa Ana Valley

Basin, San Bemardino County

San Bernardino 1963 1969 One representative each from Northeast part of Upper Santa Ana
Basin Area Western Municipal Water Basin, San Bernardino and

District and San Bemardino Riverside Counties
Valley Municipal Water District
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water by gravity to Eastside Reservoir via 43.7 miles ofoperational storage for Olivenhain MWD, would be
tunnels and pipeline that start at Devil Canyon andconnected to Lake Hodges by a 1.5-mile pipeline. San
tie into the CRA and Eastside Pipeline. The InlandVicente Dam would be raised from 234 feet to
Feeder will provide system reliability by linking to-288 feet. The Olivenhain-Hodges-SanVicente project
gether the SWP and Colorado River systems, and willwould add 90 tar of emergency storage capacity. The
improve water quality by allowing greater blending offinal EIR was certified in 1996. In 1997, USACE is-
SWP and Colorado River waters, sued a record of decision on the final EIS and a permit

San Diego Emergency Water Storage Project. for the project under Section 404 of the federal Clean
SDCWA does not own or operate treatment or stor-Water Act. Construction of the $550 million project
age facilities. It has a contractual agreement with theis scheduled to begin in 1999 and be completed by
City of San Diego to store up to 40 tafofwater in San2011. SDCWA has agreements with the City of San
Vicente and Lower Otay Reservoirs. To increase localDiego regarding joint use of San Vicente Reservoir and
supplies that would be available during times ofemer-Lake Hodges, and with Olivenhain MWD concern-
genc)~ SDCWA has proposed an emergency storageingjoint use of the Olivenhain Reservoir. (Olivenhain
project that could increase the county’s total water stor-MWD had planned to construct a 5 to 8 tar reservoir
age by 90 t~ Use of the project would be limited toat the site for its own use if SDCWA did not go for-
emergency situations, such as prolonged drought orward with a joint project.) Olivenhain MWD would
catastrophic failure of the San Diego Aqueduct duringconstruct a 20 mgd water treatment plant (to be ex-
an earthquake. Although not a water supply develop-panded to 80 mgd ultimately) in conjunction with
ment project, the emergency water storage projectstorage at Olivenhain reservoir.
would provide incidental local supply benefits by al-
lowing capture of additional winter runoff. Management of Californla’s

Four project alternatives were evaluated. All in-Colorado River Water

volved increased surface storage and new distribution A major water management issue facing the South
systems. Three alternatives additionally involved res-Coast Region is California’s use of Colorado River water
ervoir reoperation, in excess of its basic annual apportionment of 4.4 mar.
¯ San Vicente stand-alone. Expand San VicenteIn the past, Arizona and Nevada were not using the

Reservoir by raising the dam 83 feet to containfull amount of their annual apportionments, and Call-
90.1 taf of emergency storage, fornia was able to use the amount apportioned to, but

¯ Moosa Canyon construction/Lake Hodgesnot used b)~ Nevada and Arizona, and to use wet year
reoperation. Construct a new dam at Moosa Can-surplus flows. As described in more detail in Chapter
yon to hold 68 taf and reoperate Lake Hodges to9, the Colorado River Board’s draft 4.4 Plan describes
provide 22 taf. how California would reduce its use of river water over

¯ San Vicente expansion and reoperation. Raise thetime.
dam by 65 feet, adding 68 taf of emergency stor- The draft CRB 4.4 Plan includes actions that
age and reoperate the reservoir to provide anwould be taken in two phases. The first phase, extend-
additional 22 taf. ing from the present to 2010 or 2015, would comprise

¯ Olivenhain construction, Lake Hodgesthose actions that are nowin some stage of planning
reoperation, and San Vicente expansion. Build aand implementation. These programs are intended to
new 320-foot high dam at the Olivenhain site toreduce California’s annual use of Colorado River wa-
create 18 taf of emergency storage (24 taf totalter to about 4.6 to 4.7 maf. The second phase would
capacity, with 4 taf reserved for Olivenhaincomprise actions that have not yet been formulated
MWD). Reoperate Lake Hodges to provide an ad-and quantified. Examples of phase one actions include
ditional 20 taf and raise San Vicente Dam bythe SDCWA/IID transfer, lining of parts of the All-
54 feet to hold an additional 52 taf. American and Coachella Canals, and groundwater
The preferred alternative is the Olivenhain-banking projects associated with surplus Colorado

Hodges-San Vicente project. A new reservoir wouldRiver water that could be conveyed in MWDSC’s aq-
be constructed about 1 mile northwest of Lake Hodgesueduct. Examples of potential phase two actions
in conjunction with Olivenhain Municipal Water Dis-include proposals to desalt water in Salton Sea tribu-
trict. Olivenhain Reservoir, which would also serve astaries and to convey the treated water to the South
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Coast Region. (Actions such as agricultural water con-plex of estuary, lagoon, salt marsh, freshwater marsh,
servation programs or desalting proposals that wouldand dune habitats. It provides nesting grounds for
reduce the amount of fresh water inflow to the Saltonmigrating waterfowl, supports a variety of plant, fish,
Sea are subject to environmental review to ensure thatand animal life, and is home to two endangered spe-
they will not significantly affect the sea. A descriptioncies--Belding’s Savannah sparrow and the California
of the Salton Sea and its environmental resources isleast tern. The present Ballona wetlands is a small rem-
provided in Chapter 9.) nant of what existed in the early 1800s, when the

The draft CRB 4.4 Plan would in essence reducewetlands comprised more than 2,000 acres. At the
California’s use of Colorado River water in agriculturalpresent time, it has been reduced to a little more than
areas in the Colorado River Region, transfer conserved180 acres.
Colorado River water to the South Coast Region for The Ballona Wetlands Preserve was the subject of
urban use, and define how water from wet year sur-a long-running debate among private property own-
pluses (and the unused apportionments of other states,ers and environmental groups that began in 1984 when
when available) could be used to help keep the Colo-the California Coastal Commission approved a land
rado River Aqueduct full. When California is limiteduse plan to develop the wetlands. In the years that fol-’
to its basic apportionment of 4.4 m~ MWDSC wouldlowed, the parties negotiated a settlement to litigation
only be able to exercise its fourth priority right to 550over the development. The settlement provides for:
taf, as compared to maximum aqueduct capacity of̄ Restoration of 190 acres of salt marsh habitat. Plans
1.3 maf. are underway to provide the eastern portion of the

salt marsh with full tidal flow and expanded habi-
Mono Basin tat for sub-tidal and mudflat organisms. The

The City of Los Angeles’ water diversions from western portion would be provided with muted
Mono Basin lowered Mono Lake’s water level by more tidal flow to protect and enhance existing salt
than 40 feet since 1941 and also increased the lake’s marsh habitat for pickleweed and the Belding’s Sa-
salini~. (See the South Lahontan Region in Chapter 9 vannah sparrow.
for more detailed discussion of Mono Lake issue.) In° A 34-acre freshwater marsh.
1994, SWRCB adopted Water Right Decision 1631° A 25-acre corridor of riparian habitat along
amending the city’s water rights for diverting water Centinela Creek. This area will potentially pro-
from Mono Basin. The decision restricts diversions vide appropriate vegetation for the least Bell’s vireo
from the basin to increase and maintain Mono Lake’s and a wide variety of other birds which nest in
level to 6,391 feet above sea. level. During the period riparian trees.
of Mono Lake’s transition to the 6,391-foot level (esti-° Restoration of 48 acres of upland, bluffedge, and
mated to take about 20 years), the maximum amount coastal strand habitat.
of water that Los Angeles can divert from the basin is When completed, the Ballona Wetlands Preserve
16 tar/yr. Long-term Los Angeles diversions from thewill be one of the largest wildlife sanctuaries in any
Mono Basin are projected to be about 31 taf/yr aftermajor U.S. city.
Mono Lake has reached the 6,391-foot level, or one- Santa Monlca Bay. Santa Monica Bay extends
third of the city’s historical diversions from the Monoabout 50 miles from Point Hume to Palos Verdes Point..
Basin. A coordinated effort to improve the Santa Monica Bay

ecosystem began with establishment of the Santa
Restoration of Coastal Wetlands and Estuaries Monica Bay restoration project. SMBRP was included

Ballona Wetlands Preserve. Although the ma- in the Clean Water Act’s National Estuary Program in
jority of California’s wetlands habitat is found in the1988, and was charged with assessing the bay’s prob-
Central Valley and San Francisco Bay area, there arelems and with producing a bay restoration plan.
significant wetlands in the South Coast, as describedImplementation of the plan, approved by the Gover-
below. The Ballona wedands is one of the more well-nor in 1994, and by the Administrator of EPA in 1995,
known South Coast wetlands, is currently under way.

The Ballona Wetlands Preserve, located in Los Prado Wetlands Project. OCWD owns
Angeles County near Marina Del Rey, is one of the2,150 acres behind Prado Dam in Riverside County
few tidal marshes in Southern California. It is a corn-where the district operates constructed freshwater wet-
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An aerial view of the
constructed wetlands behind
Prado Dam.

Courtesy of Orange County Water District

lands to reduce the nitrogen concentration of riverwork of flood control facilities on the Los Angeles River,
water. USACE’s Prado Flood Control Basin is operowhich passes through one of the most intensively ur-
ated primarily for flood control. Under an agreementbanized areas in the South Coast Region. (In fact,
with USACE and USFWS, OCWD uses 25.75 tar ofdiscussions on transportation issues in the region some-
the reservoir’s capacity for water supply~ OCWD di-times mention converting the existing concrete channel
verts Santa Ana River water through 465 acres ofinto a freeway or high-occupancy-vehicle transit route.)
constructed wetlands for biochemical nitrogen removal.USACE’s flood control facilities on the Los Angeles
Because Santa Ana River water provides much of theRiver and its tributaries include 5 major dams, 22 de-
recharge for Orange County’s coastal plain groundwa-bris basins, and 470 miles of channel .modifications.
ter basin, nitrogen removal is important to improving Flood control operations in coastal Southern Call-
water quality, fornia and their interaction with reservoir operations

The Prado wetlands are home to several rare andfor water supply typically differ from those in North-
endangered bird and waterfowl species. As part of theern California. The Sierran reservoirs in the Central
three party agreement, OCWD set aside more thanValley that provide most of California’s developed sur-
226 acres as habitat for the endangered least Bell’s vireoface water supply are, as a broad generalization,
and southwestern willow flycatcher, operated from a water supply standpoint to manage

snowmelt runoff that occurs over a period of several
Flood Control months, and to hold large volumes of carryover stor-

As noted earlier, groundwater constitutes most ofage throughout the year. Flood control reservoirs in
the local water supply in the region. Local surface wa-coastal Southern California are operated to provide
ter resources are relatively limited. In the Losshort-term detention (days to weeks) ofpeak flows from
Angeles-Orange County coastal strip, most of the riv-rainfloods. Many of these reservoirs impound ephem-
ers and streams that drain to the Pacific Ocean haveeral streams, or streams whose runoff is so small that
been developed primarily for flood control purposes,little water supply benefit is available.
rather than for surface water supply. (Some of these USACE’s facilities on the Los Angeles River were
reservoirs are operated to provide surface flows fordesigned to provide temporary detention ofpeakflows,
groundwater recharge.) A few of the existing floodallowing the floodflows to be released to the Pacific
control reservoirs are now being evaluated for theirOcean without exceeding downstream channel capaci-
potential to provide some, albeit small, water supplyties. Continually increasing water demands in the
benefits, usually by reoperation of the facilities to en-South Coast Region have prompted reevaluting op-
hance groundwater recharge and provide limitederations of some of the larger facilities, to determine if
year-round storage. Several of these facilities are dis-their operations could be modified to provide limited
cussed in the water management options section. Belowadditional water supply. One example is a 67 tafflood
are a few examples of flood control-related water man-control detention basin impounded by Whittier Nar-
agement issues in the region, rows Dam on Rio Hondo, a Los Angeles River

Los Angeles River. USACE, in cooperation with tributar~ described in the water management options
Los Angeles Count~ has constructed an extensive net-section.
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Santa Ana River. The Santa Ana River has been Phase I identified the average TDS concentration
channelized for almost its entire length throughout theof MWDSC’s Colorado River water in 1996 as being
highly urbanized part of Orange Count~ from theabout700 rag/L, and average TDS ofMWDSC’s SWP
river’s mouth near Costa Mesa upstream to the vicin-supplies as being about 300 mg/L. The City of Los
ity ofYorba Linda. Prado Dam, located in the CoronaAngeles’ water supply from the eastern Sierra Nevada
area between the Chino Hills and the SantaAna Moun-had significantly lower TDS concentration, typically
tains, impounds a large flood control detention basin,about 160 mg/L. TDS levels in local groundwater sup-
USACE has constructed several flood control featuresplies in the South Coast Region vary considerably,
of the Santa Ana mainstem project, with the most re-ranging from 200 mg/L (Cucamonga Basin near Up-
cent facility of that project being Seven Oaks Dam.land) to more than 1,000 mg/L (Arlington Basin near
The 550-foot high Seven Oaks Dam is under con-Corona). Table 7-28 shows groundwater supplies by
struction about 35 miles upstream from Prado Damsalinity.
and will have a gross storage capacity of about 146 taf. Local sources of salinity also contribute signifl-

The existing 134-foot high earthfill Prado Damcantly. Municipal and industrial use of water add
has a storage capacity of 188 taf. OCWD manages thebetween 250 to 500 mg/L of TDS to wastewater. Key
water supply provided by the dam for groundwatersources of local salts include water softeners (typically
recharge. Future plans entail enlarging Prado’s capac-contributing from 5 to 10 percent of the salt load) and
ity to 363 taf for flood control and water supply storage,industrial processes.
After Prado Dam is enlarged, OCWD would propose The long-term salt balance of South Coast ground-
to raise the reservoir’s minimum pool level to increasewater basins is an important management problem.
water supply benefits. Enlargement would be accom-Smaller basins like the Arlington and Mission ground-
panied by development of a new flood forecastingwater basins were abandoned for municipal supply
system for the reservoir. The district is currently un-because of high salinity levels. These basins have only
dertaking a feasibility study with USACE to evaluaterecently been restored through construction of desalt-
potential water supply gains from Prado’s enlargement,ing projects. Blending SWP and Colorado River
Modifying flood control operations would provide ansupplies or using the SWP’s relatively low TDS sup-
additional 3 to 5 tafofannual supply for groundwaterplies for groundwater replenishment has been a goal
recharge, in some areas. However, without an ocean ouffall or

stream discharge, some inland agencies that reuse
Salinity Management Actions wastewater have salt accumulation problems in their

Imported Colorado River water is a significantgroundwater basins. Some inland agencies have access
source of supply for the South Coast Region. The to-to a brine line for exporting salt and concentrated
tat dissolved solids concentration in imported waterwastes to a coastal treatment plant and ocean outfall,
has water management implications for the region,while others have not found construction of a brine
affecting the feasibility of water recycling and ground-line economical.
water recharge programs. Because residential use of During droughts when use of recycled water
water increases TDS concentration, water recycledprojects and marginal quality groundwater are most
from a moderately high TDS source water can resultimportant, some local supplies may be constrained by
in unacceptably high TDS concentrations. Ground-water quality problems. Concerns about wastewater
water recharge potential may be restricted because theTDS have grown with the expansion of water recy-
RWQCB has established TDS requirements for re-
charge water in some groundwater basins, to protect TABLE 7-28

existing basin water quality. Salinity of South Coast Region Groundwater

In 1996, USBR and MWDSC began a joint sa- Supplies
linity management study to develop information to

Annual Production TD$ Percentsupport adoption of regional salinity management
(maj) (mg/L)

policies by MWDSC and to coordinate interagency
action to solve salinity problems. The study’s initial <500 1.06 78

500 to 1,000 0.15 11
phase focused on identifying problems and salinity >1,000 0.15 11
management needs in MWDSC’s service area. Total 1.36 100
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cling programs. In general, TDS more than 1,000 mg/Lwas the first project implemented by SGBWQA, with
is a quality problem for irrigation and industrial reusea $1.3 million construction grant from SWRCB. The
customers, project, completed in 1992, extracts about 3 taf/yr of

The MWDSC/USBR study’s second phase willcontaminated groundwater, treats the water, and dis-
evaluate regional applications of four TDS manage-tributes it to customers. The Big Dalton Well
ment options: local water service control, importedTreatment Project was the second in a series of projects
water source control, desalting, and blending, focusing on contamination problems in the Baldwin

Park area. The facilit~ designed to extract and treat
Groundwater Issues approximately 4 taf/yr of contaminated groundwater,

San Gabriel and San Fernando ValATs. Ground- is part of a three-well barrier to stop migration of con-
water contamination in the San Gabriel Valley and Santaminated groundwater. The Monrovia Wells project
Femando Valley Basins has come from many sourcescurrently treats approximately 4.6 taf/yr of contami-
dating back to the 1940s. Each basin has four areas onhated groundwater with airstripping, giving the City
EPA’s Superfund list. of Monrovia the ability to use water from contami-

More than 30 square miles of groundwater undernated aquifers while preventing the spread of
the San Gabriel Valley Basin may be contaminated,contamination to adjacent clean aquifers. In 1996, leg-
Contamination from volatile organic compounds wasislation was enacted extending SGBWQA’s authority
first detected in 1979 when Aerojet Electrosystems into remediate groundwater contamination in the San
Azusa sampled nearby wells in Valley County WaterGabriel Basin through July 1, 2002.
District. Subsequently, DHS initiated a well sampling About 50 percent of the water supply wells in the
program to assess the extent of contamination. Byeastern portion of the San Fernando Valley Basin were
1984, 59 wells were found to be contaminated withfound to be contaminated with volatile organic corn-
high levels of VOCs. The most prevalent contaminantspounds. Many of the well~ have been shut down. The
were trichloroethene, perchloroethylene, and carbonRWQCB is investigating area-wide sources ofground-
tetrachloride, water contamination for four Superfund sites in the

The San Gabriel Basin Water Quality AuthoritySan Fernando Valley Basin. Interim clean-up measures
was created by the Legislature in 1993 to be the agencyinclude groundwater pumping and treatment.
responsible for remediating groundwater contamina- Actions taken to address groundwater contami-
tion in San Gabriel Valley. The authority’s mission isnation included a basin-wide Superfund investigation,
to plan and implement groundwater quality manage-completed in 1992. The study included installation of
ment programs and to protect the basin from future87 monitoring wells, development of a basin-wide
contamination. The SGBWQA is governed by a 5-groundwater flow model, and evaluation of the extent
member board, comprised of one member from eachof contamination. Presently, two large-scale plants are
of the overlying municipal water districts, one from ain operation the North HollywoodTreatment Plant
city with prescriptive water pumping rights and one(2,000 gpm) which uses aeration with GAC scrubbing
from a city without prescriptive water pumping rights,and the Burbank Operable Unit (9,000 gpm) which
(The three municipal water districts are San Gabrieluses aeration with GAC scrubbing and liquid-phase
Valley MWD, Three Valleys MWD, and Upper San GAC polishing units. The Pollock Wells Treatment
Gabriel Valley MWD.) Plant (3,000 gpm) is under construction with a start-

Currently, four areas of the basin are of concern:up date in 1998, and two additional plants, the 5,000
Whittier Narrows, Puente Basin, Baldwin Park/Azusa,gpm Glendale Operable Unit and the 13,500 gpm
and E1 Monte/South El Monte. The SGBWQA is in-Headworks Wells Treatment Plant, are in the planning/
volved in groundwater cleanup projects in these areas,preliminary design phase. These plants will collectively
The Whittier Narrows and Puente Basins are also be-treat over 48 taf/yr of San Fernando Basin’s ground-
ing managed by EPA under its Superfund program,water suppl)~ The basin provides urban water supply
Another concern is that contamination in the Southfor Los Angeles, Burbank, Glendale, and La Crescenta.
El Monte area might migrate from the San Gabriel San Bernardino Valley~ A~ late as the 1940s, the
Basin through Whittier Narrows and into the Centrallowest portion of San Bernardino Valley was largely
Basin. marshlands with abundant springs. Downtown San

The Arrow Well Treatment Plant in Baldwin Park Bernardino is located over a confined aquifer which
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experiences high groundwater levels. Buildings haveSouthern California Comprehensive Water
experienced seepage of water into basements or groundReclamation and Reuse Study
floors. High groundwater conditions increase soil liq-
uefaction potential in an area that could be affected by In 1993 USBR, seven local agencies and the De-

movement along the Cucamonga, San Jacinto, or Sanpartment began evaluating the feasibility of regional

Andreas Faults, The presence ofunreinforced masonrywater recycling in Southern California. The seven par-

buildings above the confined aquifer increases the riskticipating local agencies are: Central and West Basin

of damage in the event of liquefaction. Municipal Water Districts, City of Los Angeles, City

The Bunker Hill Basin groundwater extractionof San Diego, MWDSC, SDCWA, Santa Ana Water

project involves extracting groundwater from the ba-Project Authority, and South Orange County Recla-

sin to lower groundwater levels, thereby reducingmarion Authority. Regional planning would take

seismic risks. The water could potentially be sold toadvantage of potential surpluses of recycled water which

help offset project costs. Groundwater extraction forcould serve needs in areas throughout Southern Call-

this project will not exceed the perennial yield of thefornia. The plan of study called for a three-part, six-year

San Bernardino Basin (which includes both Bunkercomprehensive effort to identify a regional recycling

Hill and Lytle Creek Basins). The ultimate goal of thesystem and develop potential projects.
The study has identified regional and area-wideextraction project is to reduce the unacceptably high

water recycling potential for 20 and 50 year planninggroundwater levels in the basin. A suggested minimum
depth target of 30 feet below ground surface in thehorizons. An economic distribution model will be used

confined zone would minimize the risk of liquefac-to maximize the allocation of recycled water at mini-

tion and other adverse impacts associated with highmum cost throughout the region.

groundwater. One plan being considered is for SanWater Marketing
Bemardino Valley Municipal Water District to pump
between 20 taf/yr and 70 taf/yr, with larger volumes The highly urbanized South Coast Region relies
being extracted as necessary after exceptionally wetsubstantially on imported water. Water wholesalers
seasons, serving the region expect to acquire part of their fu-

Ventura County. G~oundwater is the main water ture supplies from water marketing arrangements,
supply for agricultural and urban use in much of theusing the Colorado River Aqueduct and CaliforniaAq-
coastal plain of Ventura Count~ including Oxnardueduct to convey the acquired water.
Plain. Seawater intrusion was initially observed in the A difficulty associated with future supply from
late 1940s, following the widespread development ofwater marketing arrangements--as opposed to from
agriculture and food processing in the Oxnard Plain.fixed facilities such as reservoirs or water recycling
Increasing water demands in the 1940s led to over-plants--is the greater uncertainty involved in forecast-
draft of groundwater aquifers underlying the plain, ing future contractual arrangements for transfers. For

In the 1990s demand has decreased due to agri-example, SDCWA recently released a request for pro-
cultural and urban water conservation measures,posals for entities interested in selling water both on a
Recent estimates show an approximate balance betweenshort-term or long-term basis. Details of marketing
extractions and recharge because of increased artificialarrangements developed would depend on specific
recharge and a reduction in groundwater extractionterms and conditions negotiated for each arrangement.
required by Fox Canyon Groundwater ManagementAn urban agency may plan to acquire water from agri-
Agency. The agency adopted ordinances requiringcultural users in the Central Valley or the Colorado
meter installation on wells extracting more than 50 af/River Region, but terms and conditions of the trans-
yr, and restricting drilling of new wells in some areas,fers are subject to negotiation with potential sellers and

In 1991, United Water Conservation District corn-the availability of conveyance. There are many ways to
pleted construction of the Freeman Diversionstructure marketing arrangements long-term agree-
improvement project on Santa Clara River. This projectments for base year transfers that occur every year
increased average annual diversions from the river fromregardless of hydrolog~ drought year transfers tied to
40 tafto 60 tar. The diverted water is used for ground-spedfic hydrologic criteria, or transfer options that may
water recharge and irrigation, redudng agriculturalbe exercised based on negotiated criteria. Marketing
demand for groundwater, may also be accomplished through short-term (one year
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or less) agreements on the spot market. Of note in thebeaches since the 1930s. During frequent failures of
South Coast Region, local agencies are now planningTijuands inadequate, antiquated sewage treatment sys-
to use water transfers for part of their base supplies, atern, millions of gallons of raw sewage have been carried
change from past years when marketing arrangementsacross the border through the Tijuana River to its es-
were viewed as primarily drought year supplies, tuary in San Diego County. San Diego’s first attempt

An example of a base year transfer is the SDCWA/ to alleviate this problem was in 1965, when the city
IID transfer described in Chapter 9. The two agenciesagreed to treat Tijuands wastewater on an emergency
executed an agreement in 1998 for a long-term trans-basis. In 1983, the United States and Mexico signed
fer that would build up over time to 200 taf/yr,an agreement stating that Mexico would modernize
SDCWA would need to use MWDSC’s Coloradoand expand Tijuands sewage and water supply system
River Aqueduct to convey the transferred water to theand build a 34 mgd sewage treatment plant. Mexico
South Coast Region. SDCWA and MWDSC havereceived a grant for $46.4 million from the Inter-
negotiated an initial wheeling agreement. American Development Bank to help finance the

expansion and was to spend an additional $11 million
New Conveyance Fa~illties from Colorado to build a wastewater treatment plant 5 miles south of
River Region to South Coast Region the border. The plant became fully operational in 1988.

SDCWA has been studying the feasibility of con- In 1990, the United States and Mexico, through
strucring a new aqueduct from the Imperial Valley tothe International Boundary and Water Commission,
its service area. Two alternatives have been consid-agreed to construct internarionalwastewater treatment
ered an aqueduct on the U.S. side of the internationalfacilities in the United States to solve continuing bor-
border that would be used to convey Colorado Riverder sanitation problem. Facilities included a 25 mgd
water acquired through marketing arrangements withsecondary treatment plant at a site just north of the
water users in the Colorado River Region, and a jointinternational border and a 3.5 mile ocean outfall. Con-
aqueduct on the Mexican side of the border with thestruction of the first phase of the international plant, a
City ofTijuana. SDCWA has completed the first phase25 mgd advanced primary treatment plant is being
of a feasibility study for the U.S. alignment; Proposi-completed. Construction of the secondary phase of the
tion 204 authorizes funding for further feasibility-levelinternational plant is on hold pending the completion
study of conveyance alternatives. In addition to theof a supplemental environmental impact statement on
usual engineering and environmental considerationsalternative methods of secondary treatment. The sec-
associated with large-scale conveyance projects, theond phase is expected to be complete by December
ability to implement this project would be affected by2000.
the other Colorado River Basin states’ concerns about EPA and IBWC have completed a supplemental
a new California diversion on the river, and by inter-EIS on interim options for discharge of effluent from
national considerations involved in financing andthe international plant prior to completion of the ocean
constructing a project with the Mexican government,outfall and the secondary treatment component of the

Water marketing arrangements establishedplant. The preferred option is a combination of dis-
through the draft CRB 4.4 Plan would be a source ofcharging the effluent to the City of San Diego’s
water for a new conveyance facility. Other sources couldmetropolitan sewerage system and constructing a de-
result from responses to SDCWA’s 1998 request fortention basin to hold flows for discharge during
proposals for short-term and long-term marketing ar-off-peak hours.
rangements. While new conveyance may be a possible
option for the South Coast Region in the long term,Water Management Options
the time required to implement such a large scalefor South Coast Region
project and the schedule presently contemplated for
implementing the draft CRB 4.4 Plan suggest that a Southern California’s challenge in managing its
facility would not be constructed within the Bulletinwater resources is driven by one of the most funda-
160-98 planning horizon, mental realities of the West--it is an arid region. The

major water agencies in the South Coast Region are
Mexican Border Environmental Quality Issues extensively involved in water resources management

Tijuands excess sewage has plagued San Diego area planning. A mixture of water management options will
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be needed to replace Californids reduced supply fromfor temporarily impounding storm flows for later re-
the Colorado River and to offer long-term reliabilitylease to downstream recharge facilities. The Los Angeles
to the region. Table 7-29 shows a list of options for theCounty Department of Public Works and USACE are
region, and the results of an initial screening of theevaluating the potential for reoperating USACE flood
options. The retained options were evaluated (Tablecontrol reservoirs. Preliminary studies have indicated
7A-4 in Appendix 7A) based on a set of fixed criteriathat an additional 17 tafofconservation storage is pos-
discussed in Chapter 6. sible, and USACE is currently performing a feasibility

Water Conservation
study expected to conclude in 1998.

Prado Dam. As discussed in the water manage-

Urban. Urban water demand forecasts for 2020 ment issues section, construction of Seven Oaks Dam

assume that BMPs are in place; consequently, onlyon the Santa Ana River and pending enlargement of

those urban conservation efforts which exceed BMPsthe existing Prado Dam create an opportunity to in-

are considered as options. Reducing outdoor water usecrease water supply storage in Prado Reservoir for

to 0.8 ETo in new development would attain 67 taf/yrrecharging Orange County groundwater basins. Modi-
fying Prado Reservoir’s flood control operation wouldof depletion reductions, while extending this measure

to include existing development would reduce deple-provide an additional 3 to 5 tar of annual supply for

tions by 246 tar/yr. Reducing residential indoor watergroundwater recharge.

use to 60 and 55 gpcd would reduce depletions by Hansen and Lopez Dams. Hansen Dam on
Tujunga Wash and Lopez Dam on Pacoima Wash are110 and 220 taf/yr, respectively. Reducing commer-

cial, institutional, and industrial water use by ansmall USACE flood control detention reservoirs (es-

additional 3 percent and 5 percent would attain 30sentially debris basins) located on adjoining drainages
in Los Angeles County, in the San Gabriel Mountainstaf/yr and 49 taf/yr of depletion reductions, respec-

tively. Reducing system losses to 5 percent wouldabove Pacoima. The combined storage capacity of the

reduce depletions by 84 taffyr, two reservoirs is about 25 taf. Los Angeles County has

Agricultural. The 2020 agricultural water demand cooperated with USACE in completion of a recon-

forecasts assume that EWMPs are in place. As withnaissance study (1994) and preparation of a
feasibility-level study to evaluate possible water sup-the urban water management options, only those ag-

ricultural conservation efforts which exceed EWMPsply benefits from reoperating the reservoirs for limited
water supply storage. The feasibility study is sched-are considered as options. Agricultural water conser-

vation options are limited in the region because of thetiled to be completed in 1998.

relatively high SAEs that currently exist, the reliance Santa Fe and Whittier Narrows Dams. Santa

on high cost, pressurized potable water or groundwa-Fe Dam (32 taf storage capacity) on the San Gabriel

ter, and the limited agricultural acreage. ImprovingRiver and Whittier Narrows Dam (67 taf storage ca-

irrigation management to raise SAEs to 76, 78, andpacity) on Rio Hondo are USACE dams that impound

80 percent in the South Coast would reduce deple-flood control detention basins in Los Angeles County.

tions by 4, 7, and 10 taf/yr, respectively. Flexible waterThe county cooperated with USACE in a 1994 re-

deliveries are deferred because most of the water ap-connaissance study and feasibility-level evaluation of

plied for agriculture is delivered on-demand in thepossible water supply benefits from reoperating the

region. Canal lining and piping are deferred becausereservoirs to provide limited water supply storage. The

of the absence of open canal systems in the region,feasibility study, scheduled to be completed in 1998,

The spill recovery and tailwater systems option is de-is examining allowing a permanent water conservation

ferred because of the relatively small acreage underpool to be maintained at Santa Fe Dam and expand-
ing the existing conservation storage pool at Whittierfurrow or border irrigation in the region.
Narrows.

Modify Existing Reservoirs or Operations New Reservoirs

USACE operates flood control reservoirs in the In an average year, about 200 tafofstorm runoff
Los Angeles and San Gabriel River Basins of Los An-from the Los Angeles River flows to the ocean. A pro-
geles County. Water conservation benefits could beposed freshwater reservoir project in Long Beach would
realized if storage was established in these reservoirsinclude an inflatable weir across the Los Angeles River
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TABLE 7-29
South Coast Region List of Water Management Options

OpHon Retain Reason for D~erral
or D~er

Conservation
UrbanOutdoor Water Use to 0.SET°

Retain

Indoor Water Use Retain
Interior CII Water Use Retain

Distribution System Losses Retain
Agricultural

Seasonal Application Efficiency Improvements Retain
Flexible Water Ddivery Defer No significant depletion reductions attainable.

Canal Lining and Piping Defer No significant depletion reductions attainable.
Tailwater Recovery Defer No significant depletion reductions attainable.

Modify Existing Reservoirs/Operations
Reoperate Prado Dam Retain
Reoperate Hansen and Lopez Dams Retain

Reoperate Santa Fe and Whittier Narrows DamsRetain

New Reservoirs/Conveyance Facilities
Freshwater Reservoir in Long Beach Harbor Retain
New Aqueduct from Imperial Valley to San DiegoDefer Interstate issues.

Groundwater/Conj tractive Use
Local Groundwater Banking/Conjunctive Use Retain

Water Marketing

Castaic Lake Water Agency Retain

Water Recycling
Alamitos Barrier - Los Angeles County SanitationRetain
Districts
Alamitos Barrier Recycled Water Project - WaterRetain
Replenishment District
Carlsbad Water Reclamation Plan - Encina Basin -Retain
P2 - Carlsbad MWD

Castaic Lake Water Agency Reclaimed Water Retain
Master Plan - LACSD

Central City/Elysian Park Water Recycling ProjectRetain

City of Escondido Regional Water Recycling Retain
Program

City of Poway - Escondido Expansion Retain

City of Poway - S.D. Expansion Retain
City of West Covina - LACSD Retain

Dominguez Gap Barrier Recycled Water Project -Retain
Water Replenishment District
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TABLE 7-29
South Coast Region List of Water Management Options (continued)

Option Retain Reason for Deferral
or Defer

E. Thornton Ibbetson Century Recycled Water Retain
Project - City of Downey

East Valley Water Recycling Project Expansion -Retain

El Toro Water District Reclamation Retain
Esteban Torres Water Recycling Project - CentralRetain
Basin MWD

Green Acres-Phase 2 - Orange County WE) Retain
Headworks Water Recycling Project - LADWP Retain

Irvine Ranch Water District Retain

Los Angeles Harbor Water Recycling Project - Retain

Montebello Forebay Advanced Treatment Plant -Retain
Water Replenishment District
Non-domestic Irrigation System - Capistrano Retain
Valley Water District

North City Reclamation Plant - Poway ResourcesRetain
Expansion - City of Poway
North San Diego County Reclamation Project Retain
Phase 2 - Leucadia County WD

OCR Project - CSDOC - Orange County Retain
Sanitation District

Orange County Regional Reclamation Project -Retain
Orange County Water District

Puente Hills/Rose Hills Reclaimed Water DistrictRetain
System - LACSD
San Elijo Joint Powers Authority - Santa Fe Retain
Irrigation District
San Elijo Joint Powers Authority WRF Retain

San Gabriel Valley Groundwater Recharge Retain
Demonstration - LACSD

San Pasqual Groundwater Management Program -Retain
City of San Diego

Sepulveda Basin Water Recycling Project - Retain

South Bay Water Reclamation Project - City of Retain
San Diego

Verdugo-Scholl-Brand Project - City of GlendaleRetain

Water Repurification Project - City of San DiegoRetain

West Basin Recycling Project-Phase 2 - West BasinRetain

West Los Angeles Extension Expansion - West Retain
Basin MWD

Westside Water Recycling Project - LADWP Retain

Whittier Narrows Recreation Area - Los AngelesRetain
County Sanitation Districts
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TABLE 7-29
South Coast Region List of Water Management Options (continued)

Op~on Retain Reason for Deferral
or Defer

Desalting
Brackish Groundwater

Capistrano Beach Desalter Retain

Huntington Beach Colored Water Retain
IRWD Colored Water Treatment Project Retain
Laguna Beach GW Treatment Project Retain

Mesa Colored Water Project Retain

Oceanside Desalter No. 2 Retain

OCWD Undetermined Colored Water ProjectsRetain

Corona/Temescal Basin Desalter Retain
Otay/Sweetwater Desalter Retain

Perris Basin Desalter Retain

Rubidoux/Western Desalter Retain
San Dieguito Basin Desalter Retain

San Juan Basin Desalter No. 2 Retain

San Pasqual Basin Desalter Retain
Santee/E1 Monte Basin Desalter Retain

Sweetwater Desalter No.2 Retain

Tijuana River Valley Desalter Retain
Torrance Elm Ave. Facility Retain

West Basin Desalter No. 2 Retain

West Basin Desalter No. 3 Retain

Western/Bunker Basin Treatment Project Retain

Winchester/Hemet Desalter Retmn

Seawater
Reverse Osmosis Facilities at South Bay Retain
Powerplant

Reverse Osmosis Facilities at Encina PowerplantRetain

Reverse Osmosis Facilities at Alamitos PowerplantRetain
Multiple-effect Distillation Process Retain

Other Local Options
Draft CRB 4.4 Plan Retain
Multipurpose Flood Control Basins Retain

Statewide Options
See Chapter 6.
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near its mouth, to direct some of the storm flows intoWater Marketing
intakes along existing river levees. From the intakes, Waterfkom the Colorado River Region. Several
the storm flow would be pumped or flow by gravitywater marketing arrangements are being planned or
via culverts or tunnels to an offshore reservoir. Theimplemented as part of the draft CRB 4.4 Plan. These
reservoir site would be in the vicinity of the existingarrangements are described in the section on imple-
Long Beach Breakwater in San Pedro Bay. Reservoirmenting the draft CRB 4.4 Plan.
dikes would be constructed in the baywith a diaphragm Waterj~om the Central Valley. More than half
wall constructed through the dikes to prevent leakageof California’s agricultural water use is in the Central
of fresh water through the walls of the dana. A bulb ofValley. The California Aqueduct could be used for vol-
fresh water would be maintained at the bottom of theuntary transfers of some of this water to the South
reservoir to repel seawater. The reservoir could be sizedCoast. It is estimated that potential future marketing
to store 100 tar to 300 tar of storm water during thearrangements from the Central Valley to the South
wet season. This captured storm water could subse-Coast Region could be about 200 taf/yr. Voluntary
quendy be distributed for a number of uses, with themarketing arrangements would be developed through
most likely use being groundwater recharge. A finaloption agreements, storage programs, and purchases
feasibility report was issued in March 1998. of water through the drought water bank or other simi-

The option analyzed consisted of a 100 tar reser-lar spot markets.
voir sited within San Pedro Bay supplying the MWDSC is currently banking water with
Montebello Forebay spreading grounds with 71 toSemitropic Water Storage District under a long-term
129 tar/yr. The annual cost of the water would be abouttransfer agreement to store up to 350 taf. The agree-
$1,700/afat 71 taf of supply, decreasing to $1,O00/afment allows MWDSC to deliver available SWP water
at 129 taf of supply. Expansion of the project to usein wetter years to SWSD for in-lieu groundwater re-
additional captured storm water runoff would maxi-charge. In drought years SWSD would release its SWP
mize the reservoir yield at 172 taf/yr, decreasing theallocation to MWDSC, and if necessary pump ground-
annual cost to $800/af. water back into the California Aqueduct to meet its

Groundwater Development and Conjunctive Use obligations. The drought year yield would be about
60 taf/yr.

As a result of MWDSC’s seasonal storage service A long-term agreement has been completed be-
pricing program, local agencies are storing importedtween MWDSC and Arvin-Edison Water Storage
water in groundwater basins and increasing theirDistrict to store up to 350 tafofwater for MWDSC
groundwater use during the summer and duringin Arvin-Edison’s groundwater basin. Water banked
drought years. It is estimated that an average of 100 tar/in this program would be provided by both MWDSC
yr of groundwater supply is now produced as a resultand AEWSD. MWDSC would withdraw about 60 tar
of MWDSC’s discount pricing for winter season de-in drought years under this program.
liveries. The program provides imported water at an As specified in the Monterey Amendment, agri-
average discount of $125/af during the winter, cultural contractors will make available up to 130 tar

MWDSC had identified the potential for 200 tafofof annual SWP entidement for permanent transfer to
additional groundwater production during drought years,urban contractors, on a voluntary basis. Berrenda-Mesa
To accomplish this additional drought year production,Water District has already completed the transfer of
about 600 tar of dedicated storage capacity within the25 tar of entitlement to MWA. Similar permanent
localbasins maybe required.The cost ofthewaterwouldtransfers could be negotiated in the South Coast Re-
be about $350/ff. MWDSC is working with Calleguasgion. Castaic Lake Water Agency is preparing an EIR
Municipal Water District on a Las Posas Basin aquiferfor the proposed transfer of 40 tafofSWP entitlement
storage and recovery project. CMWD would develop upfrom Wheeler Ridge-Maricopa Water Storage District,
to 300 taf of storage in the lower aquifer system of thea member agency of KCWA. The CLWA service area
Las Posas groundwater basin. The project currendy pro-includes the Santa Clarita Valley in northwestern Los
vides 70 tafofwater supply in drought years, which hasAngeles County and extends into eastern Ventura
been included as 2020 supply in the water budget.. County.
MWDSC is pursuing an additional 130 taf/yr of ground-
water production in the region.
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Implementing the CRB’s Draft 4.4 Plan apportionments--reservoir flood control releases were
The draft CRB 4.4 Plan would reduce California’smade in 1997 and 1998. The more significant impedi-

use of Colorado River to the State’s basic apportion-ment to implementing revised operating guidelines
ment while using marketing arrangements and otherwould be concerns of the other basin states about im-
options to keep a full Colorado River Aqueduct forpacts of an extended period ofreoperation on the ability
the South Coast. Phase one elements of the draft CRBto avoid future shortages. Reservoir reoperation is not
4.4 Plan that have been quantified and would providenumerically evaluated in Bulletin 160-98, because
water supplies for the South Coast are described be-implementing new operations criteria would require
low. More detail on the draft plan and its elements isagreement of USBR and the remaining basin states,
provided in Chapter 9. Chapter 9 also presents an over-and there is presently no generally accepted proposal
view of how the use of Colorado River water isavailable for quantification.
apportioned among the basin states and among Call- Water management options in phase two of the
fornia entities, draft CRB 4.4 Plan have not yet been quantified;

Bulletin 160-98 water budgets assume that theimplementation of some may extend beyond the Bul-
South Coast Region’s 2020 base supply from the Colo-letin 160-98 planning horizon. Examples of phase two
rado River will be limited to MWDSC’s fourth priority actions include desalting tributary inflows to the Salton
right of 550 tar, plus any marketing arrangements thatSea or weather modification programs. For example,
have already been implemented (i.e., 107 taffrom theUSBR had developed a 1993 proposed pilot program
MWDSC/IID agreement described in Chapter 3). to evaluate cloud seeding potential in the upper basin,
Actions taken as part of the draft CRB 4.4 Plan to fillbut had not implemented the program because ofop-
the CRA’s remaining capacity are treated as future op-position from the upper basin states. Large-scale
tions in the water budgets. As described in Chapter 9weather modification programs are typically difficult
(and shown in Table %25), the base water demandto implement due to institutional and third-party con-
forecasts for Bulletin 160-98 include implementationcerns.
of EWMPs. This conserved water would be another

Water Recyclingsource of water for Colorado River/South Coast mar-
keting arrangements, in addition to those actions that Since the 1970s, Southern California has been a
Bulletin 160-98 categorizes as water management op-leader in developing water recycling projects. Recycled
tions, water is currently used for applications that include

Water management options contained in phasegroundwater recharge, hydraulic barriers to seawater
one of the draft CRB 4.4 Plan include the SDCWA/ intrusion, landscape and agricultural irrigation, and
liD water transfer, MWDSC intrastate groundwater direct use in industry. Currently some 80 local recy-
banking programs, interstate groundwater banking incling projects are producing about 210 taf/yr of new
Arizona, drought year land fallowing programs (suchwater suppl)~ It is estimated that these existing projects
as an MWDSC/PVID program), lining parts of the will provide an additional 70 taf/yr of water supply by
All American and Coachella Canals, and agriculturalyear 2020.
water conservation beyond EWMP implementation. Almost 40 new water recycling projects were evalu-
As described in Chapter 9, potential South Coast sup-ated as future water supply augmentation options for
plies from these options are assumed to be madethe region. Water recycling could potentially increase
available for the region after shortages due to ground-by 639 taf by 2020, yielding about 527 tar of new
water overdraft in the Colorado River Region have beenwater. The price of recycled water from these options
balanced out. ranges from $180/afto more than $2,500/af. This large

The draft CRB 4.4 Plan further proposes criteriarange is due to the individual characteristics of pro- O
for reoperating Colorado River system reservoirs. Theposed projects--some entail major capital costs for
Colorado River has a high ratio of storage capacity toconstruction of new treatment plants while others may O
average annual runoff. Projections of consumptive useinvolve only distribution systems from an existing

Ofor the upper basin states suggest that those states willplant. For example, projects designed for groundwa-
not attain full use of their Compact apportionmentster recharge are often located near the treatment
until 2060. USBR’S surplus declarations to date haveplant--reducing the costs for distribution. As another
not adversely impacted the other states’ use of theirexample, projects that are designed for landscape irri-
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gation or direct industrial uses will generally be higherI included those options which cost under $500/ai~
in cost because of the extensive distribution systemGroup II included those options which cost between
needed for delivery. $500 and $1,000/ai~ and Group III included those

In an effort to broaden the potential applicationoptions which cost more than $1,000/af. The costs
of recycled water to include indirect potable use, theused to group these projects are based on the costs re-
City of San Diego has conducted research into ad-ported by local agencies in the Department’s 1995
vanced treatment and ultimate use of recycled waterwater recycling survey. (These costs are not likely to
as a supplement to potable water supplies. This indi-have all been calculated on the same basis by the local
rect potable reuse concept has been termedproject sponsors.) The local agencies’ costs were used
repurification by San Diego. The City of San Diego isto judge the order ofmagnitude ofproposed projects’ costs.
currently working on a water repurification project A proposed Orange County regional water recy-
(described in Chapter 5) that would produce aboutcling project is being developed jointly by the Orange
16 taf/yr ofrepurified water to augment local supplies.County Water District and County Sanitation Dis-
The repurified water would be stored in the San Vicentetricts of Orange County. Wastewater currently
Reservoir and blended with local runoffand importeddischarged into the Pacific Ocean would be recycled
water, to supplement Orange County’s potable supplies. The

To evaluate and compare recycling options withtreated wastewater would be used to recharge an aqui-
other water management options, the water recyclingfer along the SantaAna River, in lieu of using imported
options were grouped by cost into three groups. Groupwater provided by MWDSC. A plant to treat second-

San Diego Area Water Reclamation Programs

The San Diego County Water Authority and its member agencies are engaged in a long-term effort to reduce regional
reliance on imported water supplies. Water recycling is critical to the success of that effort. Two major programs are currently
underway.

The San Diego Area water reclamation program is a system of interconnected reclamation facilities designed to serve southern
and central San Diego Count. When completed, the program will serve an area of more than 700 square miles and add more
than 60 taf/yr to the San Diego region’s local water supply. Summarized below are the eight participating agencies and each
agency’s planned reuse. Facilities to be constructed include up to ten new or expanded water recycling plants, a water repurification
facilit5 and hundreds of miles of recycled water delivery pipelines.

Agency New Water Supply (taf/yr)

City of Escondido 3.2
City of Poway 2.3
City of San Diego 26.9
City of San Diego/San Diego
County Water Authority 15.0
Otay Water District 2.9
Padre Dam Municipal Water District 1.9
Sweetwater Authority 7.2
Tia Juana Valley County Water District 2.2
Total 61.6

Padre Dam MWD has completed construction of its treatment facility, and has begun delivery of recycled water. The City
of San Diego’s North City water recycling plant and distribution system have also been completed and are delivering recycled
water.

The North San Diego County Area water recycling project will provide more than 15 taf/yr of recycled water to northern
coastal and inland San Diego County. The project is a cooperative effort of Carlsbad and Olivenhain MWDs, the Leucadia
County Water District and the San Hijo JPA. When completed, the system of interconnected recycling facilities will serve an
area of more than 100 square miles, from the coastal communities of Carlsbad, Encinitas and Solana Beach inland to the San
Dieguito River Valley. Facilities to be constructed include three new or expanded water recycling facilities, about 65 miles of
recycled water delivery pipeline and associated pump stations and storage facilities, and new grotmdwater recharge and extraction
facilities.
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ary effluent produced by an existing wastewater treat- The Santa Ana Watershed Project Authority was
ment plant would be constructed, with a transmissionformed in 1972 to plan and operate facilities to pro-
pipeline to convey the recycled water to existing spread-tect water quality in the Santa Ana River’s watershed.
ing basins located in the Orange County Forebay inThe authority is a joint powers agency composed of
Anaheim. Some recycled water would also be injectedthe five larger water districts that share the watershed--
into a seawater intrusion barrier in Fountain Valley.Chino Basin Municipal Water District, Eastern
Another benefit would be that water recycling wouldMunicipal Water District, Orange CountyWater Dis-
decrease the total wastewater treatment discharge totrict, San Bernardino Valley Municipal Water District,
the ocean, which would eliminate or delay the needand Western Municipal Water District. SAWPA oper-
for a new or expanded ocean outfall. Phase I is plannedates a brine disposal line which facilitates disposal of
to produce 50 taf/yr of recycled water by 2002. Phaseswaste brine from regional desalting plants and oper-
II and III would produce an additional 50 taf/yr byates the Arlington Desalter.
2020, reducing Orange County’s dependence on im- While increases in groundwater recovery are tech-
ported water, nically feasible, they are challenged by the need for

development of new brine lines (or alternative brine
Desalt’rig disposal options) for inland projects as well as require-

Groundwater. Recovery of mineralized ground- ments for replenishment in certain groundwater basins.
water supplies is an important resource strategy forApproximately 20 potential groundwater recovery
Southern California. This resource option is usuallyprojects were evaluated with a net yield of 95 tar/yr.
expensive--because it involves sophisticated technolo-Supply costs range from $300/af to $900/af. The
gies and high energy costs. Some groundwater recoverygroundwater recovery projects are grouped by cost into
projects serve the dual purpose of managing migra-two groups, those projects less than $500/afand those
tion of plumes to prevent further contamination ofmore than $500/af.
usable aquifers. Seawater. Seawater desalting is sometimes de-

Groundwater desalting plants currently operating’ scribed as the ultimate solution to Southern California’s
include Santa Ana Watershed Project Authority’s Ar-water supply shortfall. Although there is often public
lington Desalter (6.7 taf), the City of Oceanside’ssupport for this resource, seawater desalting is currently
Oceanside Desalter No. 1 (2.2 tar), and West Basinlimited by high costs, environmental impacts of brine
MWD’s West Basin Desalter No. 1 (1.7 taf). Construc- disposal, and siting considerations. Based on current
tion of Sweetwater Authority’s groundwatertechnology; the costs for desalting seawater for potable
demineralization plant (3.6 tar) in the Sweetwater Riveruse ranges from about $1,000 to $2,000/afdepending
Valley began in 1998. Plans are to expand the plant toon the type of treatment and the distribution system
produce an additional 4 ta£. Additional plants and plantthat would be required to deliver the water. Although
expansions are being planned or constructed through-high costs may currently limit this resource, seawater
out the coastal areas of the Los Angeles Basin, with andesalting may prove to be an important strategy in the
estimated total installed capacity of 33 taf/yr by 2000.future. MWDSC, with joint funding from the U.S.
The estimated total net groundwater recovery poten-Government and Israel Science andTechnology Foun-
tial in the South Coast is about 150 taf/yr, dation, recently embarked on a demonstration project

Brackish Water Reclamation
Demonstration Facility

The Port Hueneme Water Agency was formed to develop side operation of three brackish water desalting technologies
andoperate a brackish water desalting demonstration facility(reverse osmosis, nanofiltration, and electrodialysis reversal). ~for its member agencies, all of whom are !ocated in VenturaThe feasibility of using desalting concentrate for wedands
CounK¢. The BWRDF is the cornerstone of the program toenhancement is also being studied. Construction of the project
improve water quality and reliability and reduce groundwaterhas begun and is expected to be completed in 1998. The
extractions and seawater intrusion in the Oxnard Plain.total capital costs are estimated to be $15.2 million.
BWRDF will provide a full-scale demonstration of side-by-

.~*
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using a multiple-effect distillation process, as describedtional conservation programs, water recycling, and
in Chapter 5. groundwater recovery, as well as water marketing and

In the past, SDCWA has evaluated the possibilityother water supply augmentation options. Demand
of constructing two reverse osmosis desalting facilitiesreduction options such as urban conservation are cur-
in conjunction with the proposed repowering of therently an important program for all water agencies in
San Diego Gas and Hectric South Bay Powerplant andthe South Coast. Supply augmentation options to be
the Encina Powerplant. The capacity of the two plantsimplemented would include the draft CRB 4.4 Plan
would total 20 taffyr. The City of Long Beach and theand a combination of local and statewide options.
Central Basin MWD are also collaborating on a study Implementation of BMPs and EWMPs will con-
of a reverse osmosis plant with 5.6 tar annual capacitytinue through 2020 and is reflected in the base demand
to be located at Southern California Edison’s Alamitoslevels for urban and agricultural water use. Additional
Powerplant. conservation options likely to be implemented, based

on costs and feasibility, would provide 91 taf/yr in
Other Local Options depletion reduction.

Chino Basin Water Conservation District has pre- The South Coast Region will increase its reliance
pared a scoping report on the construction andon water marketing as Colorado River supplies are re-
operation of multipurpose storm water detention andduced. Options in the first phase of the draft CRB 4.4
groundwater recharge basins. The proposed projectPlan could make available up to 172 tar in average
involves San Bernardino County Flood Controlyears and 410 tafin drought years for transfer to the
District’s plans for additional flood control facilities inSouth Coast Region. Additional banking and market-
the City of Ontario. SBCFCD plans to construct aing arrangements, as well as permanent transfer of SWP
storm water conduit to convey water to existing mul-entidement, are likely options for the region, amount-
tipurpose flood control and groundwater rechargeing to 37 tar and 27 tar in average and drought years,
basins and to develop a new flood control detentionrespectively.
basin. Converting the proposed single-purpose basin Local groundwater conjunctive use programs will
into a flood control and groundwater recharge basinlikely add 130 tafofproduction in drought years. Wa-
could provide additional water supply benefits for theter recycling will continue to be a source of water supply
Chino Basin. Although the ;¢olume of water to be con-for Southern California. New projects could provide
served and developed by these projects is relatively smallan additional 367 taf/yr by 2020. Groundwater de-
(about i tar), the projects meet specific local needs, salting projects could provide an additional 27 tar/yr.

Statewlde Options

Statewide water supply augmentation options are
discussed and quantified in Chapter 6.

Options Likely to be Implemented
in South Coast Region

Water supplies are not available to meet all of the
region’s 2020 water demands in average or drought
years. Applied water shortages are forecasted to be 944
and 1,317 taf in average and drought years, respec-
tively. Ranking of retained water management options
for the South Coast Region is summarized in Table 7-
30. Table 7-31 summarizes options that can likely be
implemented by 2020 to relieve the shortages. These
shortages are primarily attributed to increased urban
demands and reduced Colorado River supplies.

To meet the water shortages, water agencies in the
South Coast Region are planning to implement addi-
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TABLE 7-30

Options Ranking for South Coast Region

Optiona                         Rank      Cost ($/ay9     Potential Gain (tad9
Average    Drought

Conservation

Urban

Outdoor Water Use to 0.8 ETo- New Development M 750 67 67

Outdoor Water Use to 0.8 ETo-New and Existing DevelopmentL b 246 246

Indoor Water Use (60 gpcd) M 400 110 110

Indoor Water Use (55 gpcd) M 600 220 220

Interior CII Water Use (3%) M 500 30 30

Interior CII Water Use (5%) M 750 49 49
Distribution System Losses (5%) M 300 84 84

Agricultural

Seasonal Applicati_on Efficiency Improvements (76%) H 100 4 4

Seasonal Application Efficiency ImprovFments (78%) M 250 7 7

Seasonal Application Efficiency Improvements (80%) M 450 10 10

Modify Existing Reservoirs/Operations

Reoperate Prado Dam H 60 5 5

Reoperate Hansen and Lopez Dams M b b b

Reoperate Santa Fe and Whittier Narrows Dams M b b b

New Reservoirs/Conveyance Facilities

Freshwater Reservoir in Long Beach Harbor L 1,000 172 --

Groundwater/Conjunctive Use

Local Groundwater Banking/Conjunctive Use H 350 -- 130

Water Marketing

Castaic Lake WMKern Cpunty WA (40 tar entitlement) H -- 37 27

Water Recycling
Group 1 (Cost < $500/af) " H 500 391 391
Group 2 (Cost $500iaf- SL000/at) M 1,000 75 75

Group 3 (Cost > $1,000/af) M 1,500 61 6!

Desalting
Brackish Groundwater

Group 1 (Cost < $50O/af) M 500 27 27

Group 2 (Cost $500/af- $1,000/af) M 1,000 68 68
Seawater

Reverse Osmosis Facilities at South Bay Powerplant L 920 5 5

Reverse Osmosis Facilities at Encina Powerplant L 1,220 15 15

Reverse Osmosis Facilities at Alamitos Powerplant L 1,700 6 6

Multiple-Effect Distillation Process L <1000 85 85

Other Local Options

Multipurpose Flood Control Basins H

Draft Colorado River Board 4.4 Plan H 230 172 410

Statewide Options

See Chapter 6.

a All or parts of the amounts showr~ for highlighted options have been included in Table 7-31.
b Data not available to quantify.
: Less than i tar.
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TABLE 7-31

Options Likely to be Implemented by 2020 (taf)

South Coast Region

Average Drought

Applied Water Shortage 944 1,317

Options Likely to be Implemented by 2020
Conservation 91 91
Modify Existing Reservoirs/Operations 5 5
New Reservoirs/Conveyance Facilities
Groundwater/Conjunctive Use - 130
Water Marketing 37 27
Recyding 367 367
Desalting 27 27
Colorado River Board’s Draft 4.4 Plan !72 410
Statewide Options 150 144
Expected Reapplication 95 116

Total Potential Gain 944 1,317

Remaining Applied Water Shortage 0 0
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TABLE 7A-1

Options Evaluation North Coast Region

Evaluation Scores
Option EngCneerlng Economics Environ- Institutional/ Soclal/ Other Overall Rank

mental Legal Tl, ird Party Ben~ts Score

gro=dwaer/~nj~cfive Use

N~ wells - Fo~ Bragg ~d o~er smdl 3 4 4 4 3 0 18 H
coast~ communiti~

Agric~turd Groundwater D~elopment 3 1 3 3 3 0 13 M



¯; -:’Ifited0r:(

Modify Exisdng Reservoirs/Operaions
Enlarge Lake Hennessey / Napa River Diversion3 2 2 3 3 1 14 M
Enlarge Bell Canyon Reservoir . 3 2 2 2 3 2 14 M
Enlarge Be!l Canyon Reservoir / Napa River3 1 2 3 3 1 13 M
Diversion 1
Enlarge Pardee Dam 3 2 2 2 2 3 14 M
Enlarge Camanche Dam 3 2 2 2 2 3 14 M
Enlarge Leroy Anderson Rese.rvoir 3 0 2 3 3 2 13 M
Upgrade Milliken Treatment Plant 3" 0 3 4 4 1 15 M
Reoperate Rector Reservoir 3 1 3 3 4 1 15 M

N~..,...R~¢r~oirsl_Co~!~yO�~F!dlii6,,(::::. ,"h:i" ~ .. : .i.. ........ -", i 7:-iii. .: ’-- ¯ : .::. :, 1~ ~. :; : i]":;-:; ::.::" -" , ..71 . )!: : ,i’.~ %: ,) -=> ,i ,..- :.i~). )..-,, ,
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¯ .’.CarneroscreikR~ir~oir;lNaia.RiveI :..:._ ;!.

,-. -:.,Upp¢i~-DelValleReser~oir . .":- i.- --.-. " - .I:! " -

i



[]                                                                                                                                                        TABLE 7A-2

Options Evaluation San Francisco Bay Region (continued)

~" Evaluation Scores

Ogaon Eng~neerlng Economics Environ- Insacuaonall Soclal/ Other Overall Rank
mental Legal T~ird Party Benefits Score

Groundwater/Conjunctlve Use

Milliken Creek Conjunctive Use 3 4 3 3 ¯ 4 1 18 H
Lake Hennessey / Conn Creek Conjunctive Use 4 3 4 3 4 1 19 H I~.

Water Recydlng
Group 1 (Cost < $500/a~) 4 3 3 3 3 1 17 H
Group 2 (Cost $500/af- $1,000/a0 4 2 3 3 3 1 16 M
Group 3 (Cost > $1;000/ak) 4 0 3 3 3 1 14 M

O~er ~ Op~ons
N~ S~ W~er Diversion ~om
~v~ by Cifi~ ofBenicia, F~d~ & Va~viHe 3 3 2 2 3 0 13 M
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TABLE 7A-3
Options Evaluation Central Coast Region

Evaluation Scores

Option Engineering Economics Environ- Institutional/ Social/ Other Overall Rank
mental Legal Third Party Benefits Score

st atlon-! :.::~ :i ;,’"i"~~ ;i~ :~
ri
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TABLE 7A-3
Options Evaluation Central Coast Region (continued)

Evaluation Scores
Option Engineering Economics Environ-      Instltutional/       Social/       Other      Overall Rank

mental     ,      Legal         Thlrd Par~g    Benefits      Score

Desalting
Brackish Groundwater

City of santa Cruz
Seawater

Monterey Peninsula Water 3 0 3 1 2 0 9 L
~ Management District

Statewide Options

See Chapter 6.



TABLE 7A-4
Options Evaluation South Coast Region

Evaluation Scores
Option Engineering Economics Environ- Institutional/ Soclal/ Other Overall Rank

mental Legal Third Party Benefits Score

Modify Existing ReservoirslOperadons

Reoperate Prado Dam 3 4 4 3 3 0 17 H
Reoperate Hansen and Lopez Dams 3 3 3 2 3 0 14 M
Reoperate Santa Fe and Whitder Narrows Dams3 3 3 2 3 1 15 M

New Reservoirs/C0nVeyan~e Facilities    .    .. " - - " .- ....
F~e~l~waterRes~oir inLor~g Beae-h’Harb6r:. 2 ¯ 1 ..... 2 :2 " " ¯ : - 3 ¯ . 0 ’10 " L

Groundwater/Conjuncfive Use

Local Groundwater Banking/Conjtinctive Use 4 3 4 3 4 0 18 H

! .. Castaic Lake W~ter ~.?~gency 4 4 4 " :- 4, 3 - 0 .- ~: 19 .- . - H
Water Recycling

Group 1 (Cost < $500/a0 4 3 3 3 3 1 17 H
Group 2 (Cost $500/af- $1,000/a0 4 2 3 3 3 1 16 M
Group 3 (Cost > $1,000/af) 4 0 3 3 3 ’ 1 14 M



TABLE 7A-4

Options Evaluation South Coast Region (continued)

Evaluation Scores

O#aon Engineering Economics Environ- Institutional/~ Social/ Other Overall Ra~k
mental Legal Third Party Benefits Score

~. .... .....

Reverse Os~bsts Fa¢lltt!es~at~m~tos Powcrp~t
/

O~er ~ Options

Drak C~ ~.~ Plan ~ ~ 3 3 3 3 20 H
Multipu~ose Flood Control Brains 3 3 3 ~ 3 3 18 H
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Options for Meeting
Future Water Needs in

Interior Regions of California

T
his chapter covers the interior regions of the State: the Sacramento River,

San Joaquin River, and Tulare Lake Hydrologic Regions (Figure 8-1).

These regions constitute the Central Valley, which makes up about 38

percent of the State’s land area and almost 80 percent of the State’s irrigated acres.

FIGURE 8-1

I nterior
Hydrologic
Regions

California
Aqueduct.
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FIGURE 8-2

Sacramento River HYdrologic Region

Fo~om South
Canal
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Sacramento River
Hydrologic Region

D e s ¢ r i p t i o n o [ t h e A r e a inches, respectively. The mountain areas have cold, wet

The Sacramento River Region, the drainage areawinters with snow contributing runoff for summer

of the Sacramento River and its tributaries, extendswater supply. The valley has mild winters anddr)~ hot

300 miles from the Oregon border south to Collinsvillesummers.

in the Delta (Figure 8-2). The crest of the Sierra Ne- Base year and future population and crop acreage

vada forms the eastern border of the Sacramento Riverfor the region are provided in Table 8-1. Most of the

Region, while the western side is defined by the crestregion’s population growth is expected to occur in the

of the Coast Range. The southern portion includessouthern part of the region in Sacramento, Placer, E1

the American River watershed and the northern Delta.Dorado, Sutter, Yolo, and Solano Counties. The Sac-

The Sacramento River Region includes all or largeramento metropolitan area and surrounding

portions ofModoc, Siskiyou, Lassen, Shasta, Tehama,communities are expected to experience significant

Glenn, Plumas, Butte, Colusa, Sutter, Yuba, Sierra,population growth, as is the Yuba City-Marysville area

Nevada, Placer, Sacramento E1 Dorado, Yolo, Solano,in Sutter and Yuba Counties. The region includes ex-

Lake, and Napa Counties. Small areas of Amador andtensive irrigated agricultural acreage. Rice, irrigated

Alpine Counties are also within the Sacramento Riverpasture, alfalfa, grain, fruits, nuts, and tomatoes ac-

Region. The State’s largest river, the Sacramento, flowscount for about 80 percent of the irrigated crop acreage.

the length of the valley before entering the Delta. TheIrrigated acreage in the region is expected to change

Sacramento Valley is comprised of eight planning sub-little during the planning period.

areas, all of which are hydrologically connected by the
Sacramento River. Water Demands and Supplies

The region is defined by two distinct features-- Water shortages are expected to occur under aver-
the foothill and mountain areas of the Sierra Nevada,age and drought conditions, as shown in Table 8-2.
Cascade, and Coast Ranges, and the valley floor. Moun-The 1995-1evel average year shortage reflects that
tain elevations range from 5,000 feet along the coastgroundwater overdraft is not treated as a source of sup-
to more than 10,000 feet in the Sierra Nevada. Theply. Most of the drought year water shortage is
elevation of the valley floor gradually decreases from
500 feet in the Redding area to just below sea level in
the Delta. TABLE 8-I

Precipitation in the region varies substantially Population and Crop Acreage
depending on location and elevation. In the foothill
and higher mountain areas, precipitation ranges from Popula~on Irrigated Crop Acreage
40 to more than 80 inches annually. The valley re- (thousands) (thousands of acres)

ceives less rainfall, with average annual rainfall for 1995 2,372 2,139
Redding and Sacramento being 35 inches and 18 2020 3,813 2,150
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CVP Water Supply

Most of the water delivered by CVP facilities in
the Sacramento River Region is for agricultural use.
Sacramento and Redding receive part of their water
supply from CVP facilities.

The Tehama-Colusa and Coming Canals, supplied
from Red Bluff Diversion Dam on the Sacramento
River, deliver CVP water to agricultural users and to
wildlife refuges. The Tehama-Colusa Canal extends 110
miles south of RBDD, terminating south of Dunnigan
in Yolo County. The Coming Canal extends 25 miles
south of RBDD, terminating near Corning. Together,
the canals serve about 160,000 acres of land inTehama,
Glenn, Colusa, and Yolo Counties. CVP contractors
and water rights settlement users also make direct di-
versions from the Sacramento River. Some of the larger
water agencies receiving CVP supplies are listed in Table
8-3. The supplies shown include, where applicable,
both project water and water rights settlement (baseThe 3.5 maf Lake Oroville is the largest of the 8WP’s storage

fadlltles, supply) water.
Releases from Folsom Reservoir on the American

associated with agricultural water use, primarily on theRiver serve Delta and CVP export needs, as well as
valley floor area north of Sacramento. providing supplies to agencies in the Sacramento met-

Excluding supplies dedicated to environmentalropolitan area. The City of Sacramento is the largest
purposes, surface water accounts for about 70 percentwater rights contractor on the American River, with a
of the region’s average year water supply. Groundwa-contract for almost 300 tar/yr. Placer County Water
ter provides the remaining supply. During droughtAgency; one of the largest American River project wa-
years, additional groundwater is pumped to compen-ter contractors, also holds a water rights settlement
sate for reduced surface water supplies. The region hascontract for 120 tar/yr. EBMUD holds the largest con-
43 major reservoirs, with a combined storage capacitytract for project water on the American River system
of almost 16 mar. About half of this surface capacity is(150 taf/yr), which it had originally planned to receive
contained in the CVP’s Shasta Lake and the SWP’svia an extension of the existing Folsom South Canal.
Lake Oroville. (EBMUD’s American River supply is described in

TABLE 8-2

Sacramento River Region Water Budget (taf)a

1995 2020

Average Drought Average Drought

Water Use
Urban 766 830 1,139 1,236
Agricultural 8,065 9,054 7,939 8,822
Environmental 5,833 4,223 5,839 4,225
Total 14,664 14,106 14,917 14,282

Supplies
Surface Water 11,881 10,022 12,196 10,012
Groundwater 2,672 3,218 2,636 3,281
Recycled and Desalted 0 0 0 0
Total 14,553 13,239 14,832 13,293

Shortage 111 867 85 989
a Water use/supply totals and shortages may not sum due to rounding.
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Monticello Dam,
impounding Lake Berryessa,

~s the prlnclpal feature of
USBR’s $olano Project.

Solano Irrigation D~stm’et
was formed in 1948 to

sponsor of a
reclamation projeet to serve

Solano County.

Chapter 7.) Jenkinson Lake (Sly Park Dam) and Sugarter include the City of Vacaville (which also receives
Pine Reservoir serve communities in the foothills eastSWP water and uses groundwater), Solano Irrigation
of Sacramento. District and Maine Prairie Water District. (The Cities

of Fairfield, Vallejo, and Suisun City in the San Fran-
Supply from Other Federal Water Projects cisco Bay Region have SCWA contracts for Solano

Monticello Dam in Napa County impounds PutahProject water, as discussed in Chapter 7.) SID con-
Creek to form Lake Berryessa, the principal water stor-tracts for 141 taf/yr of Solano Project water from SCWA
age facility of USBR’s Solano Project. The projectand delivers it to agricultural users in Solano County.
provides urban and agricultural water supply to Solano
County (partly in the Sacramento River Region andSWP Water Supply

partly in the San Francisco Bay Region) and agricul- Lake Davis, Frenchman Lake, and Antelope Lake
rural water supply to the University of California atare located on Feather River tributaries in Plumas
Davis in Yolo County. Napa County uses about 1 per-County and are used primarily for recreation, but also
cent of the supply for developments around Lakeprovide water supply to the City of Portola and to lo-
Berryessa. cal agencies having water rights agreements with the

Solano County Water Agency is the regional wa-Department. Lake Oroville and Thermalito Afterbay
ter contractor for both the federal Solano Project andalso provide supply within the region. Local agencies
the SWE. Within the Sacramento River Region, SCWAthat receive water rights water delivered through
member entities with contracts for Solano Project wa-Thermalito Afterbay include Western Canal Water

District, Richvale Irrigation District, Biggs-West
TABLE 8-3 GridleyWater District, Butte Water District, and Sutter

Major Sacramento River CVP Water Users Extension Water District. Agencies in the region hold-
ing long-term contracts for SWP supply are Plumas

~ Agency Total Suppliesj>ora County Flood Control and Water Conservation Dis-
CVPFacilities (taj9 trict, Butte County, Yuba City; and SCWA. SCWA

Anderson-Cottonwood ID 175.0 receives its SWP supply from the Delta through the
Glenn-Colusa ID 825.0 North Bay Aqueduct.
Natomas Central MWC 120.2
Princeton-Codora-Glenn ID 67.8 Local Surface Water Supply
Reclamation District 108 232.0
Reclamation District 1004 71.4 Water stored and released from Clear Lake and
Sutter Mutual WC 268.0 Indian Valley Reservoir into Cache Creek is diverted
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’ ~:~ Groundwater Supply

Most groundwater used in the region comes from
alluvial aquifers on the valley floor. The Sacramento
Valley is a major groundwater basin, with an estimated
114 maf of water in storage at depths of up to 600
feet. (Only a portion of this amount can be economi-
cally used, however.) Well yields in alluvial areas vary
significantly depending on location; pumping rates
typically range from 100 to 4,000 gpm. Foothill com-
munities using groundwater generally rely on fractured
rock sources having yields lower than those found in
valley floor alluvium.

Redding supplements its CVP surface water sup-
ply with groundwater. Smaller communities in the
northern and central Sacramento Valley, such as Ander-
son, Red Bluff, Marysville, Olivehurst, Wheatland,

~ Willows, Corning, and Williams, rely almost entirely
on groundwater and have adequate supplies to meet
local demands for the foreseeable future. Woodland,

Cache Creek, with Capay Olverslon Dam in foreground. Davis, and Dixon are completely dependent on
Clear Lake and Mount Konocti are in the background, groundwater. Most residents in unincorporated areas

by the Yolo County Flood Control and Water Conser-rely on groundwater.
In the Sacramento metropolitan area, groundwa-

ration District for irrigation in Yolo County. Sinceter is used by the Cities of Sacramento and Gait,
1950, the district has diverted an average of 130 tafSacramento Coun~ and local water agencies. Twoannually at Capay Diversion Dam on lower Cacheareas of overdraft exist in Sacramento County, one near
Creek. No water supply from these sources was avail-

McClellan Air Force Base and the other in the Elkable during the 1977 and 1990 drought years. Grove area.
In Sutter County and in western Placer County,

agricultural water is supplied by South Sutter Water
District from Camp Far West Reservoir on the lowerLoca| Water Resources
Bear River. SSWD also purchases surface water fromManagement Issues
Nevada Irrigation District to supplement irrigators’
groundwater supplies. NID’s supplies come from itsSierra Nevada Foothills Water Supply

reservoirs on the Yuba-Bear River system. Yuba River Urbanization of agricultural lands in the Central
supplies have also been developed byYuba CountyWa-Valley is an issue currently attracting public attention.
ter Agency, which owns the 966 tafNew Bullards BarAn alternative to urban development on valley floor
Reservoir, the river’s largest reservoir, agricultural lands is increasing development on non-

The Sacramento metropolitan area, served by morearable lands in the adjoining Sierra Nevada foothills.
than 20 water purveyors, is the largest urban area inHowever, the foothill areas also have land use and wa-
the Sacramento Region and is also the largest urbanter supply concerns associated with development
surface water user. Within Sacramento Count~ thepressure, particularly for communities within commut-
City of Sacramento relies primarily on surface watering distance of the valley’s major population centers.
(approximately 80 to 90 percent); water purveyors in Historically the rural foothill counties have had
unincorporated areas use both surface water andeconomies based on natural resource development
groundwater. The City of Sacramento diverts its CVP (ranching and logging). Tourism is becoming increas-
water supply from the American River at H Street,ingly important. Although individual foothill
and also diverts from the confluence of the Americancommunities have experienced relatively high growth
and Sacramento Rivers. The City of Folsom takes sur-rates, the areas overall population is small, and future
face water from Folsom Lake. development is constrained by the high percentage of
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federal lands managed by the USFS ~ind ~he National~eplace the flume. EID has released a draft EIi~ for the
Park Service. project, and is proposing to make temporary canal~ re-

Although extensive development of large-scalepairs to allow ~for 40 cfs summer deliveries until
water projects has occurred in the foothills, that devel-permanent repairs can be made.
opment serves downstream urban and agricultural. The communities of Cohasset and Forest Ranch
water users. The foothills’ loca! water supply infrastruc-in Butte County are considering building a pipeline
ture is limited, with some water users still being servedto convey part of Butte County’s SWP supply to ur-
by open ditch and flume systems dating back to goldban users east of Chico. During extended drought
rush-era mining operations. The areas developmentconditions some of the wells serving the area have gone
pattern of small, geographically dispersed populationdry, requiring that water be hauled by truck: Also in
centers and its lack of a financial base for major capitalButte Count~ the Department’s Division of Safety of
improvement projects constrains the ability to inter-Dams reduced the allowable operating capacity of Para-
connect individual water systems and to developdiselrrigation District’s Magalia Reservoir because of
centralized sources of water supplies, limiting optionsseismic safety concerns. The 2.9 taf capacity reservoir
for water marketing. The areas small population trans-is impounded by a hydraulic fill dam built in 1918.
lates into high per capita costs for water supplyRestoring the 1.5 tar reduction in storage capacity is
improvements. Many individual residences and sub-estimated to cost about $10 million.
division developments rely on self-supplied Through 2020, no average year.water shortage~s
groundwater from wells tapping fractured rock aqui-are anticipated in the entire Sierra foothill area stretch-
fers. Groundwater resources from fractured rocking from Modoc County on the north to Kern County
sources are highly variable in terms of water quantityon the south and including adjacent parts of the Cas-
and qualiE¢, and are an uncertain source for large-scalecade Range foothills. Drought year shortages in 2020
residential development, are forecast to be 220 taf, over 60 percent of which are

Management of existing water supplies, especiallyassociated with agricultural water use. The areas lim-
meeting increasingly stringent drinking water qualityited payment capacity and its need for drought year
requirements, is a challenge for some foothill watersupplies suggests that participation in regional water
systems. As with water supply, interconnections forsupply projects with larger water agencies is a viable
water treatment purposes are difficult due to geographicoption. Although local agencies have evaluated a num-
and topographic constraints. System consolidations areber of new reservoir projects in the past (see water
also complicated by the relatively large percentage ofmanagement options section), these projects have not
the foothill population living in unincorporated areas,gone forward.
and the correspondingly high number of small, inde-
pendent water systems. Historically, many isolatedFoothillArea Water Supply

developments relying on groundwater as a source offrom American River Basin

supply also used septic tank systems for waste disposal. E1 Dorado County water agencies have made sev-
Eventually, some of these systems experience ground-eral attempts to develop local supplies in the American
water contamination problems, requiring a new waterRiver Basin, in anticipation of their service areas ill-
supply or connection to a regional wastewater system,ture water needs. Originally, USBR’s multipurpose
if one exists. Auburn Dam was to provide local suppl)~ When Au-

Conveyance system reliability is a concern in foot-burn Dam did not go forward, EID and H Dorado
hill areas where sources of surface supply are oftenCounty Water Agency proposed a joint water supply
limited. Conveyance facilities are vulnerable to local-and hydropower project in the late 1970s. The South
ized flooding and earthquake or landslide damage.Fork American River project would have included a
After the 1997 floods, a landslide destroyed a 30-footlarge dam at the Alder Creek site, Texas Hill Reservoir
section of Georgetown Divide Public Utility District’son Weber Creek, two diversion dams, and several
canal which supplied water to 9,000 customers in sixpowerplants. When the SOFAR project did not prove
towns in rural H Dorado County. Nearby; H Dorado to be financially feasible, a small Alder Creek Reser-
Irrigation District also lost the use of a flume divertingvoir project with a storage capacity of 31 taf was
from the American River due to another landslide. Theinvestigated. In 1993, EDCWA released a final EIR
district is currently developing alternatives to repair orfor water supply development in EID’s service area.
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Many foothill areas are
served by conveyance systems ¯
that had their origins in gold
rush-era mining systems.
Another reminder of the
region’s mining history is the
ringtaiL also known as the
"miner’s eat’: Some early
settlers kept ringtails as pets,
to control mice. The ringtail
lives in rocky and wooded
areas in the foothills and in
valley riparian areas.

Alternatives included a 7.5 taf/yr CVP water serviceunaffordable for the service area. The most promising
contract for deliveries from Folsom Reservoir (autho-option to meet future water demands in GDPUD’s
rized in PL 101-514), the E1 Dorado project, Texasservice area is to divert and convey CVP water from
Hill Reservoir, Small Alder Reservoir, and the Whitethe American River (as part of EDCWA’s CVP water
Rock project. The preferred alternative was identifiedservice contract authorized by PL 101-514). The ad-
as a combination of the water service contract, the E1ditional supplies would be 7.5 and 5.6 taf for average
Dorado project, and the White Rock project, and drought years, respectivel)~

EDCWA subsequently executed the CVP water In the 1990s, USBRconducted anAmerican River
service contract and EID sought to implement the Elwater resources investigation to evaluate local areawater
Dorado project, a proposal to acquire rights to con-supply options that would replace the water supply
sumptively use water that had been developed bythat was to have been provided by the original multi-
PG&E for hydropowergeneration. In 1996, SWRCB’spurpose Auburn Dam. The study proposed two
Decision 1635 approved EID’s water rights filing foralternatives for meeting municipal and agricultural wa-
17 taf/yr of consumptive use from PG&E’s Caples,ter supply needs in portions of Sacramento, San
Aloha, and Silver Lakes on the South Fork of theJoaquin, E1 Dorado, Placer, and Sutter Counties
American River and its tributaries, based in part on athrough 2030--a conjunctive use alternative and an
PG&E agreement to sell facilities of the hydropowerAuburn Dam alternative. Three alternative Auburn
project to EID. Several other water right holders peti-Reservoir sizes were studied: 430 taf, 900 tff,, and 1,200
tioned SWRCB to reconsider its decision. EID andtaf. The final EIS for this investigation was completed
PG&E subsequently went to litigation over the sale ofin 1997. In May 1998, USBR issued a record of deci-
the facilities, and EID’s EIR for the El Dorado project sion to not proceed with federal actions to meet future
was found inadequate by a Superior Court judge. Thewater needs in the study area.
project is currently on hold.

EID’s White Rock project is a diversion and con-Sacramento Area Water Forum

veyance project that would build about 4.5 miles of The Sacramento Area Water Forum was formed
pipeline, connecting a proposed treatment plant within 1993 to discuss ways to accommodate two co-equal
an existing Sacramento Municipal Utility District pen-objectives, providing water supply for the areas planned
stock. The project would allow more efficient use ofdevelopment and preserving fishery, wildlife, recre-
E1 Dorado project water, but would not provide addi-ational, and aesthetic values of the lower American
tional water suppl)~ River. Forum membership includes the Cities of Sac-

Alternatives to meeting GDPUD’s future water ramento, Gait, and Folsom; County of Sacramento;
needs were identified in a 1992 planning report thatmore than twenty urban and agricultural water agen-
examined a potential reservoir project on Canyoncies; several environmental groups; and representatives
Creek. The reservoir project was found to befrom the business community and other community
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groups. In 1995 the forum began meeting jointlywithwater for increased water supplies, facilitate ground-
water interests in Placer and H Dorado Counties. water recharge to help reduce overdraft and land

Working together, they developed proposed draftsubsidence, improve and enhance wetland and ripar-
recommendations for their objectives, releasing a Draftian habitat, and improve water quality. Some projects
Recommendations for a Water Forum Agreement in 1997. selected for feasibility and preliminary design studies
The proposed solution included seven elements: have potential water supply benefits--two small
¯ Increased surface water diversions onstream reservoirs and one groundwater recharge
¯ Actions to meet customers’ needs while reducingproject. These projects are described in the discussion

diversion impacts on the Lower American Riverof water management options. Much of the present
in drier years supply for agricultural water users in the Colusa Basin

¯ Support for an improved pattern of fishery flowcomes from return flows from CVP water contractors.
releases from Folsom Reservoir These irrigation return flows have become an increas-

¯ Lower American River habitat management ingly unreliable supply for Colusa Basin Drain diverters
¯ Water conservation as a result of increased water conservation measures by
¯ Groundwater management upstream water users.
¯ Water Forum successor effort

Generally, water interests would increase their di-Groundwater Management Actions

versions from the American River in average and wet The Sierra Valley Groundwater Management Dis-
years and decrease diversions in drought years. PCWAtrict adopted an ordinance in 1980 limiting the amount
would release stored water from its reservoirs on theof groundwater extraction in SierraValley. A legal chal-
Middle Fork of the American River for many of the lenge led to a repeal of the ordinance by the SVGMD.
participating water agencies during drought years asThe district has since focused its efforts on monitor-
replacement water for their decreased American Rivering the basin’s groundwater levels and requesting
diversions. PCWA’s participation in these agreementsvoluntary reductions in extractions.
is dependent upon SWRCB approval for changes to In 1992, the Tehama County Board of Supervi-
conditions of its existing water rights, sots amended its county code to enact urgency

The proposal calls for conjunctively managingordinances prohibiting groundwater mining within the
surface and groundwater supplies to help control de-county and extraction of groundwater for export with-
dining groundwater levels in parts of Sacramentoout a permit from the board. In 1996, the Tehama
County, and for implementing water conservationCounty Flood Control and Water Conservation Dis-
measures. An example of the regional cooperation fortrict adopted a resolution of intent to develop a
stabilizing groundwater levels is a joint pipeline projectcountywide AB 3030 plan and prepared a draft plan
being carried out by San Juan Water District andto serve as the basis for developing agreements with
Northridge Water District. SJWD has completed thegroundwater users.
first phase and NWD has completed the second phase Butte County has enacted two ordinances regu-
of a joint pipeline project which will provide surfacelating groundwater extraction. The purpose of one
water to northern Sacramento County water purvey-ordinance was to "attempt to reduce potential well in-
ors. Phase III would extend the pipeline to the Rioterference problems to existing wells and potential
Linda WD, McClellan AFB, the westerly Citizen’s adverse impacts to the environment which could be
Utilities service area, and Natomas Central Mutualcaused by the construction of new wells or the repair
Water Company area. By providing surface water sup-or deepening of existing wells ...." The ordinance
plies, the retail purveyors along the pipeline route canlimited pumping rates to 50 gpm per acre. The ordi-
reduce their dependence on groundwater, allowing thenance also established well spacing requirements based
groundwater basin to recharge, on well pumping capacity; spacing requirements range

from 450 feet for a 1,000 gpm well to 2,600 feet for a
Colusa Basin Drainage Distrlet 5,000 gpm well. The other ordinance was approved

A 1995 study by the Colusa Basin Drainage Dis-by voters in 1996 and regulated export of groundwa-
trict identified projects to meet six objectives: protectter out of the county and substitution of groundwater
against flood and drainage damages, preserve and en-for surface water when surface water is sold. The ordi-
hance agricultural production, capture surface or stormnance gave the Butte County Water Commission
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permitting authority over groundwater export oreconomic benefits. The State Reclamation Board en-
groundwater substitution, dorsed the detention dam as the best long-term solution

Glenn County enacted a groundwater ordinanceto reliably provide greater than 1-in-200 year flood
in 1977. This ordinance required a permit to exportprotection. In 1996, USACE recommended deferring
groundwater outside the county. A permit can be is-a decision on long-term solutions and proceeding with
sued only if it is found that export will not result inthe levee improvements common to all three alterna-
overdraft, adverse impacts to water levels, or watertives. Congress authorized $57 million in 1996 for
quality degradation. The Board of Supervisors may.construction of the levee improvements.
impose permit conditions. Glenn County is prepar- The Central Valleys January 1997 flood disaster
ing an AB 3030 groundwater management plan thatprompted another examination of American River
is expected to be completed in 1998. hydrology. Based on that hydrologic review, the 1986

and 1997 floods are now considered to be about 60-
American River FloodProteetlon year events. The 1997 flooding also triggered payback

Following the floods of February 1986, USACEprovisions of the Sacramento Area Flood Control
reanalyzed American River basin hydrology and con-Agency’s agreement with USBR, under which USBR
cluded that Folsom Dam did not provide an adequatesets aside up to 270 tafofadditional winter flood con-
level of flood protection to the downstream Sacramentotrol space in Folsom Lake. (This additional flood
area, significantly less than the 250-year protectioncontrol space in the reservoir raises Sacramento’s level
estimated in the late 1940s when Folsom Dam wasof protection to about a 77-year event level.) Because
designed. Local, State, and federal agencies workedthe January 1997 flood event was followed by an un-
together to identify ways to provide additional floodusually dry spring, reoperation of Folsom Lake for
protection for the American River Basin. In Decem- additional flood control resulted in a loss of supply to
ber 1991, an American River watershed investigationUSBR. The federal government and SAFCA purchased
feasibility report and EIR/EIS were completed, pre-100 tafto offset the loss of supply--50 taffrom ¥CWA,
senting flood protection alternatives. The report35 taffrom PCWA, and 15 taffrom GCID.
recommended a flood control detention dam near Au- In its Resolution No. 98-04, the Reclamation
burn. In 1992, Congress directed USACE to performBoard restated its conclusion that the best long-term
additional flood control studies. Three main alterna-engineering solution to reliably provide greater than
rives ~vere evaluated. Two of the alternatives would1-in-200 year flood protection is to develop additional
increase flood control storage in Folsom Lake, modifyflood detention storage at Auburn. As an incremental
the dam’s spillway and outlet works, and improvemeasure to increase the level of flood protection, the
downstream levees. The third alternative would con-Board also voted to support SAFCA~s Folsom Modifi-
struct a detention dam at Auburn, with downstreamcation Plan, described in SAFCA’s February 1998
levee improvements. USACE studies identified the de-report Next Steps far Flood Contral along the American
tention dam as the plan that maximized nationalRiver. This plan, costing $75 to $140 million, would

Sacramento River Flood Control Project
Congress authorized the Sacramento River Flood Controlthe remainder in the Yolo Bypass. The system has worked

Project in 1917 after a series of major Sacramento Valley floodsexceedingly well over the years.
in the late 1800s and early 1900s. The project was built withThe capability of the SRFCP was improved upon
local, State, and federal funding. The project includes levees,completion of Shasta Dam in 1945 and Folsom Dam in 1956.
overflow weirs, bypass channels, and channel enlargements.The Feather and Yuba River systems did not share in the
Overflow weirs allow excess water in the main river channelSRFCP’s flood control benefits; however, supplemental
to flow into bypasses in the Sutter Basin and Yolo Basin. Theprotection was provided by the completion of Oroville Dam
bypass system was designed to carry 600,000 cfs of floodwateron the Feather River in 1968 and New Bullards Bar Dam on
past Sacramento--ll0,000 cfs in the Sacramento Riverthe Yuba River in 1970. These are large multipurpose
through downtown Sacramento and West Sacramento, andreservoirs in which flood control functions share space with

water supply functions.
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experienced several major
floods during its early years.

The following description
of the floods of 1862 is taken
j~om the journal of Willlam

Brewer, a member of
the California State

Geolo~ealSurvey.

never to see again. Most of the
city is still under water, and

has been for three months ....
Not a road leadingj~om the

city is passable, business is at a
dead standstill everything

looks forlorn and wretched.
Many houses have partially

toppled over.., some have
been carriedj~om their

foundations, several streets
(now avenues of water) are
blocked up with houses that
have floated in them, dead

animals lie about here
and there ....

Coun~ of Califo~nia
State Library

increase flood protection to approximately a 1-in-110regulates less than half the river’s runoff. The middle
year level. In addition, the Board strongly urgedand south forks of the Yuba River, and Deer Creek,
SAFCA to advocate federal flood insurance for all resi-have no dedicated flood storage. A large reservoir site
dents and businesses in the Sacramento area having(the former Marysville project, and similar sites near
less than a 1-in-200 year level of flood protection. Asthe Yuba River Narrows) was studied by USACE,
of July 1998, SAFCA was seeking congressional au-YCWA, the Department, and others at various times
thorization for USACE participation in Folsom Damin the 1950s and through the 1980s for both water
modifications and downstream levee enlargements. Thesupply and flood control purposes.
Board currently does not support raising and strength- USACE, in cooperation with the State Reclama-
ening the levees downstream from the dam, and wouldtion Board and ¥CWA, conducted a feasibility study
not support State cost-sharing in this effort. Two corn-of water resources problems and opportunities in the
peting flood control bills, HR 4111 and HR 3698, areYuba River Basin in 1991, after a 1990 reconnaissance
pending before Congress. HR 4111 would authorizestudy identified a significant flood threat. Preliminary
construction of a small flood control dam, while FIRalternatives included modifying existing levees, imple-
3698 would rely mostly on levee improvements formenting nonstructural measures, constructing a large
flood protection for the Sacramento area. or small bypass, reregulating existing flood storage at

Oroville and New Bullards Bar Reservoirs, providing
Yuba River FloodProteetion new flood storage at Englebright Reservoir, raising

The Marysville-Yuba City area, located at theEnglebright Dam and reregulating flood storage at
confluence of the Feather and ¥uba Rivers, relies onEnglebright and New Bullards Bar Reservoirs, and
levees for much of its flood protection. New Bullardsconstructing a single purpose or multipurpose reset-
Bar Reservoir on the Yuba River, the only Yuba Rivervoir at the Parks Bar or Narrows damsites. The
Basin reservoir with dedicated flood control storage,recommended plan in USACE’s 1998 Yuba River Ba-
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Flooding on the American
River in 1986 and again
in 1997 severely tested levee
system capabilities. Releases
j~om Folsom Dam in 1986
actually exceeded design
capacity of the levee system.
In 1997, voluntary
evacuation advisories were
issued for some parts of the
Sacramento metropolitan
area. This photo shows the
American River at the
H Street bridge.

sin Investigation final feasibility report and EIR/EIS200 feet would add 9.3 maf of storage and cost $5.8
was to modify existing levees along the Yuba andbillion. Enlarging Shasta as a statewide water manage-
Feather Rivers. In response to the significant floodment option could provide the opportunity for local
problems experienced in the Marysville-Yuba City areaagencies in the region to participate in the project, es-
during the January 1997 flood, YCWA began a newpecially smaller agencies that lack the resources to
investigation of flood control alternatives. The multi-develop new local projects themselves.
year study will examine a range of alternatives,
including storage facilities such as the Parks Bar site.Putah Creek Adjudication

During the 1997 flood event, 35,000 people were USBR’s Solano Project stores and diverts water
evacuated from the Marysville area and 75,000 peoplefrom Putah Creek. Solano Project operations are sub-
were evacuated downstream in Sutter Count. ject to a condition reserving water for users upstream

of Monticello Dam in Lake Berryessa. In 1990, two
Sacramento River Malnstem project water users (SID and SCWA) commenced an
Flood Protection and Water Supply action in Solano County Superior Court to determine

Enlargement of Shasta Reservoir has been exam-all rights to the use of water from Putah Creek and its
ined in the past by USBR and the Department as atributaries. Among other issues, the action required a
water supply option. Reservoir enlargement would alsodetermination of how rights can be exercised among
provide additional flood protection on the SacramentoUSBR and upstream water users. An agreement was
River mainstem. When the project was last reviewednegotiated among SID, SCWA, USBR, and upstream
in the 1980s (at a cursory level of detail), its financialwater users. In 1996, the SWRCB adopted OrderWR
costs were high, reflecting the project’s magnitude (up96-2, amending appropriative water rights in the up-
to 10 mafofadditional storage capacity). Railroad andper Putah Creek watershed to be consistent with the
highway relocations were a substantial cost item. Innegotiated agreement.
the wake of the January 1997 flooding, there was re-
newed interest in reexamining Shasta’s enlargement,Fish Passage at Red Bluff Diversion Dam

and in conside}ing a range of potential reservoir sizes. USBR’s Red Bluff Diversion Dam, completed in
USBR conducted a preliminary study for the CALFED 1966, spans the Sacramento River. The dam diverts
program, reviewing three options. One option wouldriver water into the Tehama-Colusa and Coming Ca-
raise the dam 6 feet to add 300 taf of storage at a costnals, supplying irrigation and wildlife refuge water.
of $123 million. Raising the dam 100 feet would addSevere fishery declines in the upper river during the
4 mafofstorage and cost $3.9 billion. Raising the dam1970s and 1980s, were pardy attributed to the dam
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and the canal intake screens.The dam delayed upstream GCID’s pumping plant is located on a river side
passage of migrating adult salmon and steelhead andchannel upstream of Hamilton Cit~ near Chico. DFG
disoriented downstream migrating juveniles, whichconstructed a 40-drum rotary screen fish barrier at the
made them vulnerable to predation by squawfish. Theplant’s intake in 1982, to prevent entrainment of ju-
original fish screens also permitted passage of manyvenile fish. The fish barrier did not perform as intended,

¯ juvenile fish into the canals, resulting in an unacceptably high rate of juvenile fish
In 1986, USBR began raising the gates of the dammortality. ESA listing of the winter-run chinook

between December and March to allow unimpededsalmon resulted in a 1991 court order restricting
fish passage. The gates-up period has been expandedGCID’s pumping and requiring installation of a new
in response to ESA requirements for winter-runfish screen. CVPIA required DOI to improve fish pas-
chinook salmon; the current objective is to raise thesage at the pumping plant. GCID installed a temporary
gates for eight consecutive months (September 15 toflat-plate screen ir~ 1993 while a permanent solution
May 15) each year to allow unimpeded fish passage,was being developed. An environmental document
New drum fish screens and bypasses were installed atidentifying a preferred fish passage altemative--a new
the canal headworks in 1991 and are now operatingflat-plate screen with a river gradient control facility
successfully. As discussed in Chapter 2, USBR andin the main channel of the Sacramento River--was
USFWS are operating a research pumping plant at thereleased in 1997. Construction of the new screen be-
dam to evaluate the effects of different pump types ongan in 1998.
fish. The plant supplies a limited amount of water to
the canals during the eight months when the dam gatesFish and Wildlife Restoration

are raised. Activities in the Sacramento Valky

Many fishery restoration actions or projects are
Glenn-Colusa Irrigation District Fish Screen ongoing in the Sacramento Valley. Some of the larger

The 175,000 acre Glenn-Colusa Irrigation Dis-projects are described below.
trict has the largest diversion on the mainstem Mill and Deer Creeks support spring-run chinook
Sacramento River, with a maximum capacity of 3,000salmon, a candidate species under the California ESA.
cfs. GCID may divert up to 825 taffrom April through In 1995, State legislation restricted future water de-
October for irrigation suppl)~ GCID also conveys CVPvelopment on the creeks, to protect salmon habitat.
water to three national wildlife refuges--Sacramento,In addition, local landowners formed the Mill and Deer
Delevan, and Colusa. Creek Watershed Conservancies. The conservancies

USBR’s Red Bluff Diverslon

Dam, with gates raised. The
dam was designed to divert

Sacramento River water into
the Tehama-Colusa Canal
The intake channel for the

Coming Canal Pumping
Plant connects to the

Tehama-Colusa Canal
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from the creek to the Sacramento River in 1996 to
eliminate reverse flows at the mouth of the creek. Other
fishery improvement actions--modification of small
temporary dams and a permanent fish ladder, reveg-
etation of Lindo Channel, and development of a fishery
management plan--are being investigated.

Butte Creek is presently receiving considerable fish-
ery restoration attention. The creek has a large
spring-run salmon population and also supports a small
fall run. Recent fishery restoration efforts on Butte
Creek began in 1993 when Western Canal Water Dis-
trict and private landowners agreed to remove the Point
Four Diversion Dam near Nelson. M&T Chico Ranch
and DFG agreed to install a new fish ladder and fish
screens at the Parrott-Phelan Dam in 1995. M&T
Chico Ranch also dedicated 40 cfs of instream flow
for fishery needs on Butte Creek. WCWD installed a
siphon under Butte Creek in 1998, allowing removal

Local agencies have made extensive ~orts to improve Butteof its two main dams and two smaller downstream
Creek fish passage, in response to declines in the populationdams from the creek. The siphon separates WCWD’s
ofspring-run chinook salmon, canal system from Butte Creek and eliminates fish
have begun a watershed planning and managementlosses previously caused by creek diversion. Work be-
process, with funding assistance from an EPA grant,gan in 1998 on fishery facility modifications to
The Department has participated with Mill CreekDurham Mutual, Adams, and Gorrill Dams. The Na-
landowners in a test project to construct wells to pro-ture Conservancy and California Waterfowl
vide groundwater supplies in lieu of creek diversionsAssociation are evaluating diversion dams in the Butte
for irrigation during spring fish migration periods. ASlough and Sutter Bypass for potential fish passage ira-
similar project is being negotiated with Deer Creekprovements.
water users. Pelger Mutual Water Company and Maxwell Irri-

Big Chico Creek supports a small population ofgation District installed fish screens on their
spring-run salmon, and some fall-run salmon. M&TSacramento River diversions in 1994. Princeton-
Chico Ranch and Parrott Ranch pumps were relocatedCodora-Glenn Irrigation District and Provident

A 1917 construction photo
of Anderson-Cottonwood
Irrigation District’s diversion
dam on the Sacramento River.
Flashhoards are installed
during the irrigation season
to raise the river’s water level

for diversions to ACID’s main
canal ACID’s diversion is one
of many Sacramento River
Basin sites under study for
fish passage Improvements.

Courteq of Water Resources Center Archives,
University of Californla, Berkeley
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Irrigation District started construction on a newthose used for rice straw decomposition. Water de-
screened pumping plant on the Sacramento River,mands for flooding to decompose rice straw may
which is expected to be operational in 1998. Reclama-decrease in the future if growers are able to find com-
tion District 108 started building its new fish screenmercial uses for rice straw.
at its Wilkins Slough Diversion on the Sacramento
River in 1997. The new screen is expected to be op-Water Management Options
erationat in 1999. Reclamation District 1004 is for the Sacramento River Region
completing final design and will begin construction Water management options in the Sacramento
on its new fish screen and pumping facility in 1998.River Region have been extensively investigated by fed-
Natomas Central Mutual Water Company will sooneral, State and local governments over the last 70 years.
begin feasibility studies for a large screening projectMany of the federal and State options were explored
on the lower Sacramento River. On the Yuba River,for their potential to augment CVP or SWP water sup-
Browns Valley Irrigation District will install a fish screen plies. Some projects, once studied as statewide options,
in 1998. are now being reconsidered for meeting future local

Clear Creek is another location in the Sacramentowater supply and flood control needs in the Sacramento
River Basin where fishery restoration work has beenRiver Region. Most large onstream and offstream res-
performed. Additional planned work includes fish pas-ervoirs are beyond the development capacity of local
sage around McCormick-Saeltzer Dam, gravelwater agencies, and are being considered as CALFED
placement, and sediment control. Much of the ripar-options, described in Chapter 6.
tan land along Clear Creek below Whiskeytown Table 8-4 shows a list of options for the region,
Reservoir has been acquired by BLM and the Wildlifeand the results of an initial screening of the options.
Conservation Board to preserve its habitat values. The retained options were evaluated (Table 8A-1 in

Other Sacramento River Region streams with en-Appendix 8A) based on a set of fixed criteria discussed
vironmental restoration studies underway are Battlein Chapter 6.
Creek and Lower Stony Creek. Potential restoration
work at Battle Creek includes studies of fish passage,Water Conservation
instream flows, screened diversions, and hatchery mod- Urban. Urban water demand forecasts for 2020 as-
ernization. Glenn County is seeking funding forsume that BMPs are in place; consequently, only those
planning of a Lower Stony Creek watershed restora-urban conservation efforts which exceed BMPs are con-
tion program, sidered as options. Urban conservation options were

Water Needs for Rice Field Flooding deferred from detailed evaluation because they provide
little cost-effective potential to create new water through

Sacramento Valley rice fields provide overwinter-depletion reductions in the Sacramento River Region.
ing areas for about one-third of all migrating waterfowl Agricultural The 2020 agricultural water demand
in California. Historically, many farmers in the Sacra-forecasts assume that EWMPs are in place. As with
mento Valley have flooded harvested rice fields tothe urban water management options, only those ag-
attract waterfowl for hunting. Additional rice acreagericultural conservation efforts which exceed EWMPs
is now being flooded for rice straw decomposition, dueare considered as options. Agricultural conservation
to air quality restrictions on burning rice straw. Mostoptions were deferred. Water that is not consumed by
flooding of harvested rice lands begins in mid-Octo-evapotranspiration is recoverable either as surface or
ber and continues into November. Flooded conditionsgroundwater for reapplication downstream.
are usually maintained through March. In 1994-95,
the Department studied three Sacramento Valley plan-
ning subareas (Northwest Valley; Central Basin West,Modify Existing Reservoirs/Operations

and Central Basin East) to evaluate fall andwinter water Two reservoir enlargement options were deferred
use. The study area included approximatelyin initial screening. Enlargement of Camp Far West
123,000 acres of flooded rice land. The estimated ap-Reservoir was deferred based on economic criteria. A
plied water requirement was 260 tafor about 2 af/Lower Bear River expansion project that would increase
acre; the estimated ETAW was 107 taf. Fields used forthe storage of Lower Bear Reservoir by more than 26
waterfowl hunting have higher water demands thantafwas deferred because of several uncertainties includ-
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TABLE 8-4

Sacramento River Region List of Water Management Options

Op~on Retain Reason for D~erral
or D~ar

Conservation
Urban

Outdoor Water Use to 0.8 ETo Defer No significant depletion reductions attainable.
Indoor Water Use Defer No significant depletion reductions attainable.
Interior CII Water Use Defer No significant depletion reductions attainable.

Distribution System Losses Defer No significant depletion reductions attainable.
Agricultural

Seasonal Application Efficiency Improvements Defer No significant depletion reductions attainable.

Flexible Water Delivery Defer No significant depletion reductions attainable.
Canal Lining and Piping Defer No significant depletion reductions attainable.

Tailwater Recovery Defer No significant depletion reductions attainable.

Modify Existing Reservoirs/Operations
Enlarge Camp Far West Reservoir Defer Economics.

Lower Bear River Expansion Project Defer Uncertainties with water rights issues.
Reoperate Caples, Aloha, and Silver Lakes Retain

New Reservolrs/Conveyance Facilities
Wilson Creek Reservoir (Glenn County) Defer Undetermined yields; primarily flood control

project.

Golden Gate Reservoir (Funks Creek, Defer Undetermined yields; primarily flood control
Co!usa County) project.

Dry Creek Reservoir (Lake County) Retain
Bear Creek Reservoir (Colusa County) Defer Environmental concerns. Conflicts with federal

land management policies.

Wilson Valley Reservoir (Lake County) Defer Environmental concerns. Conflicts with federal
land management policies.

Garden Bar Reservoir (Placer and Nevada Counties) DeferEconomics.

Long Bar Reservoir (Yuba County) Defer Undetermined yields; primarily hydropower
project.

Wambo Bar Reservoir (Yuba County) Defer Undetermined yields; primarily hydropower
project.

Marysville Dam (Yuba County) Defer Undetermined yields; economics.

Blue Ridge Reservoir (3(olo County) Defer Environmental concerns. Conflicts with federal
land management policies.

Thurston Lake Pump-Storage Project Retain
(Lake County)
Parks Bar Reservoir (Yuba County) Retain
Waldo Reservoir (Yuba County) Retain

Project (El Dorado County) Defer Reoperation of existing supply; would not provideWhite Rock
new water supply.

Texas Hill Reservoir (El Dorado County) Retain
Small Alder Reservoir (El Dorado County) Retain

Canyon Creek Reservoir (Georgetown) Defer Excessive costs.
GDPUD Diversion from American River Retain
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TABLE 8-4

¯Sacramento River Region List of Water Management Options (continued)

Option Retain Reason for Deferral
or Defar

Groundwater/Conjunctive Use

New Wells (Redding, Butte, and Colusa Basins)Retain

USBR/Ducks Unlimited Conjunctive Use Defer Would not create new water supply.

Big Valley Conjunctive Use (Lake County) Retain

Orland-Artois Groundwater Recharge Basin Defer Lack of project data, no yields determined.

Adobe Creek Detention Structure (Lake County)Defer Negative environmental impacts.

Water Recycling

Water recycling options Defer Water recycling options would not generate new
water supply.

Desalting
Brackish Groundwater

Seawater

Other Local Options
New Surface Water Diversion from Sacramento Retain
River and Cache Creek by YCFC&WCD
New Surface Water Diversion from Sacramento Retain
River by Cities of Benicia, Fairfield, and Vacaville

Statewide Options
-- -- See Chapter 6.

ing water rights issues, coordination with PG&E (the Onstream Storage. Local efforts to develop Ameri-
reservoir’s owner), and lack of definitive estimates ofcan River Basin water supply for rapidly growing
the project’s drought year suppl)~ foothill communities were described previousl)~ Most

The water management issues section describedrecentl~ EID and EDCWA considered the Texas Hill
several projects for EID’s service area. The El Doradoand Small Alder Reservoir sites, but EDCWA did not
Project would offer an annual yield of 17 tar for EID include them as preferred alternatives in its plan for
through consumptive use of water developed for hy-EID’s service area. The drought year yields from these
dropower at PG&E facilities (Caples, Aloha, and Silverreservoirs have been estimated at 9.4 tar and 11.3 taf,
Lakes). No new diversion facilities would be requiredrespectively. If implementation of EDCW~’s preferred
for the project. Implementation of the E1 Doradoalternative does not proceed, these options may still
Project is currently on hold pending negotiations withbe viable. GDPUD has examined a reservoir project
project opponents, on Canyon Creek. The 17 tar reservoir site, located

between the Middle and South Forks of the American
New Reservoirs River, would have an estimated drought year yield of

An extensive reevaluation of onstream and6 taf. This project was not cost-competitive with other
offstream Sacramento Valley reservoir sites is beingoptions available to GDPUD.
conducted by the CALFED Bay-Deka program. Chap- The Colusa Basin Drainage District has investi-
ter 6 discusses reservoir sites (such as the offstream Sitesgated two small reservoirs as part of its integrated
Reservoir) being evaluated as statewide water supplywatershed management project--a 2.2 taf Wilson
options for CALFED. Creek Reservoir west of Orland in Glenn Count~ and
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Creek Reservoir in Colusa County and Wilson Valley
Reservoir in Lake County, with annual yields of 30 tar
each, and Blue Ridge Reservoir in ¥olo County, with
an annual yield of 100 t~ None of these sites are un-
der active consideration now. Parts of the Cache Creek
drainage basin that could be impacted by these projects
are managed by BLM and DFG for wildlife habitat
and recreational purposes, and a segment of Cache
Creek is under study for potential federal designation
as a wild and scenic river.

South Sutter Water District had looked at a po-
tential Garden Bar Reservoir on the Bear River,
upstream of Camp Far West Reservoir and had deter-
mined that the project was not economically feasible.

Many potential Yuba River reservoir sites have been
Sites Reservoir (described in Chapter 6as a CALFED option) studied to meet basin flood protection and water sup-
eouldprovide some local supply for the region, depending on ply needs. Recent local interest has focused on the Parks
theprojee£sformulatlon. Thlsphoto shows the dam site area.Bar Reservoir site on the lower Yuba River (below
a 16.9 tafGolden Gate Reservoir on Funks Creek nearEnglebright Dam) and on Waldo Reservoir, an
Maxwell in Colusa County. The estimated averageoffstream storage option discussed in the next section.
annual runoff at the Wilson Creek site is 2.4 taf. TheThe potential multipurpose Parks Bar Reservoir would
construction cost is estimated at $3.3 million. The pri-have a 640 tafcapacity and could provide up to 160 taf
mary purpose ofthe proposed reservoir would be floodof&ought year yield. Parks Bar Dam is a flood con-
control, although Jroffers limited water supply ben-trol alternative previously rejected by the USACE in
eflts. Golden Gate Reservoir would be formed by afavor oftevee improvements. YCWA is starting a new
76-foot high earthfill dam; this dam site is also acom-three-year study to evaluate all basin flood control and
ponent of the Sites/Colusa Reservoir, a CALFEDwater supply options. The study will reevaluate levee
storage option presented in Chapter 6. The estimatedimprovements, new flood control channels, new stor-

.average annual runoff at the Golden Gate Dam site isage (including Parks Bar), and reoperation of existing
8.6 tafand the construction cost estimate for the damreservoirs.
and reservoir is $2.5 million. Neither of these projects Offitream Storage. In 1996, YCWA completed
is included in the Bulletin’s detailed options evalua-a reconnaissance evaluation of the proposed 300 taf
tion because potential yields are undetermined. Theseoffstream Waldo Reservoir. Waldo Dam would be lo-
reservoirs are too small to provide enough carryovercared on Dry Creek, east of Beale Air Force Base in
storage to significantly increase local drought year wa-Yuba County. Water would be diverted from the Yuba
ter supply reliability. River by gravity through a tunnel from Englebright

The Department investigated the Dry CreekReservoir. The dam would provide flood control ben-
Project in Lake County near Middletown in 1965.Theefits on Dry Creek for the City of Wheatland, but
project was designed to irrigate 5,700 acres of agricul-would have no direct flood control benefits on the Yuba
tural lands in the Collayomi and Long Valleys in LakeRiver. Waldo Reservoir could provide offsetting stor-
County. The main project feature would be a 129-age for increased flood control reservation at New
foot-high earthfill dam on Dry Creek (a Putah CreekBullards Bar Reservoir and Lake Oroville ifYCWA he-
tributary) forming a 6.6 tar reservoir. Updated costgotiates agreements with the reservoir owners for supply
estimates range from $150 to $250/af, assuming afrom Waldo Reservoir in exchange for the flood con-
maximum annual yield of 6.6 t~ USACE is conduct-trol storage.
ing a reconnaissance study for a similar facility, Phase I ofa feasibility investigation was conducted
scheduled for completion in 1998. in 1997 to determine reservoir yield, develop cost esti-

In 1988, YCFC&WCD studied alternative water mates, and evaluate environmental issues. The
supply projects in the Cache Creek watershed. Thereservoir’s average and drought year yields for YCWA’s
study identified three onstream storage projects--Bearservice area would be about 145 and 109 tar, respec-
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tively. The cost of water if served in the area of originvide long-term groundwater supply to supplement
would be about $110/a£. Phase II of the study beganavailable surface water for rice straw decomposition
in 1998 and includes analyses of alternatives. Prepara-and waterfowl habitat. In wet years, surplus Sacramento
tion of environmental documentation would begin inRiver water would be pumped into GCID’s convey-
2000 if the project appeared feasible. Environmentalance system for delivery to recharge areas. The study
issues include flooding of a portion of the Spencevilleconcluded that the project would not provide new
Wildlife and Recreation Area, remediation of an aban-water supply.
doned copper mine, and instream flows. (The The Lake County Flood Control andWater Con-
preliminary cost estimates include removal of mineservation District is investigating a small conjunctive
tailings and site remediation in accordance with regu-use project in Big Valley near Kelseyville. This project
latory requirements.) would modify the primary spillway structure of High-

A 1988 YCFC&WCD study investigated a po- land Creek Reservoir to increase storage. The conserved
tential offstream storage project at Thurston Lake, awater would be released downstream during the spring
natural lake in the Clear Lake watershed. The Thurstonand fall for groundwater recharge. Current estimates
Lake pump-storage project was to develop a new wa-indicate a project yield of 400 af/yr at a cost of about
ter supply and reduce flooding at Clear Lake$30/af. Because the yield would be less than 1 taf/yr,
communities. The project would provide storage ofthe project was not shown in the list of options likely
up to 300 taf and yield 60 taf/yr. Water would beto be implemented for the region.
pumped from Clear Lake into Thurston Lake during The Colusa Basin Drainage District is investigat-
periods of high runoff, reducing downstream flooding the Orland-Artois groundwater recharge project
flows. Preliminary investigations suggest that substan-in southern Glenn Count. Water would be delivered
tial leakage at the site would occur and that potentialto an abandoned quarry via the Tehama-Colusa Canal
water quality problems could result from high boronduring periods of high Sacramento River flows. Pre-
levels in Thurston Lake. liminary designs for this project estimate groundwater

recharge capacity of 1.5 tafper season. The estimated
New Conveyance Facilities cost of construction ranges from about $363,000 to

The White Rock conveyance project would divert$513,000. Evaluation of this option was deferred un-
and convey South Fork American River water fromtil project yields are determined.
SMUD’s White Rock Penstock to EID’s proposed Bray
Water Treatment Plant near Diamond Springs. TheWater Marketing
diversion could be made under a 1957 contract and a Intra- and inter-district water transfers have been
1961 supplemental agreement with SMUD, if watercommon amongCVP water rights settlement contrac-
rights were granted by SWRCB to EDCWA and EID. tors on the Sacramento River. Year-to-year transfers
The maximum quantity of water that could be divertedamong CVP water users in the region are not consid-
annually is about 40 tar. The project would not gener-ered as new projects for Bulletin 160-98.
ate new water.

Water Reeydlng
Groundwater Development As with conservation, recycling is not a source of
or Conjunctive Use new supply in the Sacramento River Region from a

Groundwater is expected to be the primary localstatewide perspective. Recycling is a potentially im-
option for increasing valley floor water supplies northportant water source for local purposes, but does not
of Sacramento within this Bulletin’s planning horizon,create new water. Several small water recycling projects
Where supplies are plentiful and of adequate quality,serve local water needs for agricultural, environmen-
groundwater has ~a cost advantage over new reservoirs,tal, and landscape irrigation purposes. In the 1995 base
Groundwater can be developed incrementally by indi-year, about 12.5 taf of wastewater was recycled in the
vidual farms and domestic users, or by water purveyors,region, an amount expected to increase to 14.5 tafby 2020.
Data are not available to quantify the availability of
additional groundwater development. Other Local Options

USBR, in cooperation with Ducks Unlimited, YcFC&WCD has filed water right applications
studied a conjunctive use project within GCID to pro-for supplemental water from the Sacramento River for
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Davis, Woodland, and Winters, and for agriculturalStatewide Options
and fishery uses at UC Davis. YCFC&WCD also filed Statewide water supply augmentation options arean application to divert water from Cache Creek for

discussed and quantified in Chapter 6.
groundwater recharge and to replace groundwater cur-
rently being used for irrigation. About 95 tafhas been
requested under the two applications. Options Likely to be Implemented

SCWA and its member agencies are examiningin the Sacramento River Region

several surface water management projects. One po- Water supplies are not available to meet all of the
tential project is an intertie connecting a Solanoregion’s 2020 water demands in average or drought
Irrigation District irrigation canal with the SWP’syears. Applied water shortages are forecasted to be 85
North BayAqueduct.Another potential SCWA project taf and 989 tafin average and drought years, respec-
involves permanent or long-term water transfers. Thetively. Ranking of retained water management options
Cities of Fairfield and Benicia in the San Franciscofor the Sacramento River Region is summarized in
Bay Region and Vacaville in the Sacramento RiverTable 8-5. Table 8-6 summarizes options that can likely
Region have filed a water right application for supple-be implemented by 2020 to relieve the shortages.
mental water from the Sacramento River, seeking 12, Costs of new reservoir projects are often prohibi-
10.5, and 8.5 taf/yr, respectively, tire for agricultural water users, especially when the

TABLE 8-5

Options Ranking for Sacramento River Region

Optiona                    Rank    Cost ($/a~9 Potential Gain (taj9
Average    Drought

Modify Existing Reservoirs/Operations

Reoperate PG&E Reservoirs L ~ ~ 17

New Reservolrs/Conveyance Facilities

Dry Creek Reservoir (Lake County) L 200 7 b

Thurston Lake Pump-Storage Project M 390 ~ 60

Parks Bar Reservoir (Yuba County) H ~ ~ 160

Waldo Reservoir (Yuba County) H 110 145 109

Texas Hill Reservoir (El Dorado County) L ~ b 9

Small Alder Reservoir (El Dorado County) L ~ b 11

GDPUD Diversion from American River M ~ 8 6

Groundwater/Conjunctive Use

New Wells (Redding, Butte, and Coiusa Basins H b b b

Big Valley Conjunctive Use H 30 -- c

Other Local Options

New Surface Water Diversion from Sacramento River and M ~ 95 95

Cache Creek by YCFC&WCD

New Surface Water Diversion from Sacramento River by M b 8 8

cities of Benicia, Fairfield, and Vacaville
~ All or parts of the amounts shown for highlighted options have been included in Table 8-6.
b Data not available to quantify.
: Less than i tar.

t
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supplies are needed primarily for drought year short-would provide the Sacramento metropolitan area with
ages. However, Yuba River onstream storage at the Parkssubstantial flood protection as well as augment the
Bar site or offstream storage at Waldo Reservoir areregion’s average year and drought year supplies by 85
promising options. Parks Bar in particular could re-tar and 51 taf, respectively. If options shown in Table
duce the flood threat to the Yuba City-Marysville area8-6 are implemented, average water year needs of the
and downstream levee systems on the Feather and Sac-region would be fully met, although a drought year
ramento Rivers. Parks Bar could provide a drought yearshortage would remain.
yield of 160 tar.. Likewise, a 2.3 mar Auburn Dam

TABLE 8-6

Options Likely to be Implemented by 2020 (taf)

Sacramento River Region

Average Drought

Applied Water Shortage 85 989

Options Likely to be Implemented by 2020
Conservation -- --
Modify Existing Reservoirs/Operations -- --
New Reservoirs/Conveyance Facilitiesa -- 160
Groundwater/Conjunctive Use -- --
Water Marketing -- --
Recycling -- --
Desalting -- --
Other Loca[ Options -- --
Statewide Options 85 51
Expected Reapplication -- 56

Total Potential Gainb 85 267

Remaining Applied Water Shortage 0 722
a Average year yield of Parks Bar Reservoir has not been quantified.
b With construction of Parks Bar Reservoir, average water year needs of region would be exceeded, although there is a substantial drought year shortage. In

average water years, the surplus water could be available for use in other regions.
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FIGURE 8-3
San Joaquin River Hydrologic Region
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San Joaquin River
Hydrologic Region

Description of the Area TABLE8-7

The San Joaquin River Region is bordered on the Population and Crop Acreage

east by the crest of the Sierra Nevada and on the west
Population Irrigated Crop A~reage

by the coastal mountains of the Diablo Range (Fig- (thousands) (thousands of acres)
ure 8-3). It extends from the Delta and the Cosumnes 1995 1,592 2,005
River watershed to the San Joaquin River watershed 2020 3,025 1,935
near Fresno. All or portions of counties within the study
area include Alameda, Alpine, Amador, Calaveras,
Contra Costa, E1 Dorado, Fresno, Madera, Mariposa,
Merced, Sacramento, San Benito, San Joaquin, The principal population centers are the Cities of
Stanislaus, and Tuolumne. Lodi, Stockton, Trac~ Modesto, Turlock, Merced, and

Summer temperatures are usually hot in the vat-Madera. The northwest part of the area, indudingTracy
ley, and slightly cooler in the Delta and upland areas,and surrounding communities, is experiencing rapid
In the winter, temperatures are usually moderate ingrowth as workers in the San Francisco Bay area ac-
the valley and cool in the Delta and upland areas. An-cept the longer commute from the valley in exchange
nual precipitation on the valley floor ranges from aboutfor the affordable housing. Table 8-7 shows the 1995
17 inches in the north to 9 inches in the south, and 2020 population and crop acreage for the region.

TABLE 8-8
San Joaquin River Region Water Budget (taf)a

1995 2020
Average               Drought               Average                 Drought

Water Use
Urban 574 583 954 970
Agricultural 7,027 7,244 6,450 6,719
Environmental 3,396 1,904 3,411 1,919
Total 10,996 9,731 10,815 9,609

Supplies
Surface Water 8,562 6,043 8,458 5,986
Groundwater 2,195 2,900 2,295 2,912
Recycled and Desalted 0 0 0 0
Total 10,757 8,943 10,753 8,898

Shortage 239 788 63 711
a Water use/supply totals and shortages may not sum due to rounding.
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Flood protection in the

Cosumnes RiverACloodplain
has historically been provided
only by privately-owned
l~vees. As shown here, rural
residential development in
the floodplaln has relied on
this limited protectlon.

Irrigated crop acreage in the area is forecasted tomigratory waterfowl and shorebirds on the Pacific Fly-
decrease, primarily due to urban development on ag-way. Wetlands and wildlife areas include managed
ricultural lands. The primary crops are alfalfa, corn,wetlands on Delta islands, Grassland Resource Con-
cotton, deciduous fruit and nuts, grain, grapes, andservation District, Los Banos Wildlife Area, Merced
pasture. Major employers include agriculture, foodNational Wildlife Refuge, North Grasslands Wildlife
processing, and service sector businesses. Area, San Luis National Wildlife Refuge, and Volta

The area has many wildlife refuge and wetlandWildlife Area. (In 1996, Kesterson National Wildlife
areas. The Grasslands area, in western Merced Count~Refuge and San Luis National Wildlife Refuge merged,
is the largest contiguous block of wetlands in the Cen-with the combined refuge keeping the Sgn Luis name.)
tral Valley and is an important wintering ground forOf the total wetlands in the region, about 40,700 acres

are privately owned.

Water Demands and Supplies

Table 8-8 summarizes the region’s water demands
and supplies. Significant 1995-level and 2020-level
water shortages occur in both average and drought
years.

Surface Water

Much of the valley floor area receives its water sup-
ply from Sierra Nevada reservoirs. Some Sierra Nevada
facilities--such as San Francisco’s system and
EBMUD’s system--export water from the region to
serve communities in the San Francisco Bay Region.
Agricultural lands west of the San Joaquin Valley trough
are mostly served by the CVE. Agricultural lands in
the northwest corner of the region receive their water
supply by direct diversion from Delta waterways. In
the foothill and mountain areas, water is either diverted

San Francisco’s Heteh Hetchy Reservoir in Yosemite Natt’onal directly from streams and lakes or from local storage
Park. The reservoir is impounded by O’$haughnessy Dam. reservoirs and conveyance facilities.
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In north to south order, the major Sierra Nevada
rivers draining to the valley floor in this region are the
Cosumnes, Mokelumne, Calaveras, Stanislaus,
Tuolumne, Merced, Chowchilla, Fresno, and San
Joaquin Rivers. The San Joaquin River, which forms
the southerly boundary of the region, flows westward
out of the mountains then turns north and flows in
the valley trough to the Delta.

The Cosumnes River, one of the smaller Sierra
Nevada rivers, is unique in that it has no significant
reservoirs on its entire length, although it has local ir-
rigation diversions. (USBR’s Jenkinson Lake is located
on Sly Park Creek, a tributary to the Cosumnes River.)
Riparian lands along the lower river are managed as a
nature preserve. Flood protection needs on the
Cosumnes River were highlighted by the January 1997~e 479foot-high New Exchequer Dam is a rockf!lt dam.
floods, when numerous breaks in private levees on the
valley floor caused widespread local flooding. As dis-SSJID also owns the nearby 35 tafWoodward Reser-
cussed in the following section, proposals for a managedvoir on Simmons Creek. By virtue of an agreement
floodway are under consideration, with USBR, OID and SSJID have the ability to store

The Mokelumne River system includes some hy-200 tafin New Melones Reservoir. USBR has entered
droelectric power development in the upper watershed,~into contracts with SEWD and Central San Joaquin
but the major reservoirs are EBMUD’s Camanche andWater Conservation District for New Melones water
Pardee Reservoirs, which develop water supply for ur-supply. SEWD holds a contract for 75 taf/yr of in-
ban communities in the San Francisco Bay Region.terim supply from New Melones. CSJWCD has CVP
Woodbridge Diversion Dam on the Mokelumne Rivercontracts for 80 taf/yr, 31 tar of which is interim sup-
near Lodi diverts irrigation water from the river to ply~ (Interim supply in this context means supplies that
Woodbridge Irrigation District. are available until future in-basin demands require use

The 317 tafNew Hogan Reservoir, the only largeof the water.) USBR must also use New Melones to
reservoir on the Calaveras River, was constructed bymeet SWRCB San Joaquin River salinity standards at
the USACE to provide flood protection and water sup-Vernalis. As discussed in the following section, enact-
ply for the Stockton area. New Hogan maintains a floodment of CVPIA and management of project water
control reservation of up to 165 tar. To the south ofdedicated for environmental purposes have created
NewHogan on Littlejohns Creek, USACE constructedconflicts in meeting the multiple needs that New
Farmington Reservoir to provide additional flood pro-Melones was intended to serve.
tection for the Stockton area. Stockton East Water The Tuolumne River (largest of the San Joaquin
District provides the City of Stockton with supply fromRiver tributaries) was developed by three local agen-
New Hogan. As part of its New Melones water con- cies and the City and County of San Francisco, which
veyance project, SEWD constructed facilities linkingconstructed Hetch Hetchy Reservoir (360 taf), Lake
Farmington Reservoir on Littlejohns Creek toLloyd (268 tar) on Cherry Creek, and Lake Heanor
Goodwin Dam on the Stanislaus River. (26 tar) on Eleanor Creek. San Francisco also partici-

The CVP’s 2.4 mafNew Melones Reservoir is thepated with Modesto and Turlock Irrigation Districts
largest reservoir on the Stanislaus River. Up to 450 tafin the construction of New Don Pedro Reservoir. (The
of New Melones’ capacity is reserved for flood controlreservoir is owned by the irrigation districts, but San
storage. Upstream from New Melones are BeardsleyFrancisco has a water storage agreement with them.)
Reservoir (98 taf) and Donnells Reservoir (64 taf),This 2 mafreservoir impounds supplies which are di-
owned jointlyby Oakdale Irrigation District and Southverted into MID’s and TID’s canal systems at La
San Joaquin Irrigation District. Downstream from NewGrange Dam. Each district has a small regulatory and
Melones are Tulloch Reservoir (67 taf) and Goodwinoffstream storage reservoir on its mainline canal down-
Reservoir (0.5 tar), also owned by OID and SSJID.stream from La Grange--the 29 tafModesto Reservoir
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and the 46 tafTurlock Lake. MID serves lands northLake is 1.1 maf. CVP water released from Friant Dam
of the Tuolumne River, and TID serves lands to theis diverted into the Madera Canal to the north and the
south of the river. Friant-Kern Canal (to the Tulare Lake Hydrologic

New Exchequer Dam impounds Merced ID’S 1 Region) to the south. Chowchilla and Madera Irriga-
mar Lake McClure, the only large water supply reser-tion Districts are the largest CVP water contractors
voir on the Merced River. Merced ID has two small on the Madera Canal. Central California Irrigation
dams downstream regulating flow into its canal sys-District’s Mendota Dam, located on the San Joaquin
tern. In 1997, Mariposa Public Utility DistrictRiver at its confluence with Fresno Slough/North Fork
completed a small water diversion project on theKings River, forms Mendota Pool, from which more
Merced River. The project included constructing 8than 20 agricultural water agencies divert their sup-’
miles of 12-inch pipeline to convey Merced River wa-plies. As mentioned in Chapter 3, CVP exchange
ter to the town of Mariposa and surrounding areas, contractors divert Delta-Mendota water from the pool

The Chowchilla and Fresno Rivers are small rela-to compensate for the impacts of Friant Dam construc-
tive to their northern neighbors. Each river has onlytion on their prior rights to San Joaquin River water.
one significant water supply reservoir. Buchanan DamCVP water delivered to the Mendota Pool from Tracy
on the Chowchilla River impounds the 150 tarPumping Plant is the source of supply for nearby
Eastman Lake, and Hidden Dam on the Fresno RiverUSFWS national wildlife refuges.
impounds the 90 tar Hensley Lake. Both dams were. Surface water supplies for the part of this region
constructed by the USACE, but their operations werewest of the San Joaquin Valley trough are provided
integrated with the CVP. Chowchilla Water District largely by the CVP, through the Delta-Mendota Ca-
holds a water supply contract for Eastman Lake sup-nal and the San Luis Canal reach of the California
ply, while Hensley Lake supply is contracted to MaderaAqueduct. CVP contractors receiving DMC supplies
Irrigation District. in the northern part of the region are small agricul-

USBR’s Friant Dam on the San Joaquin Rivertural water agencies. The City of Trac~ with a contract
impounds the 521 taf Mitlerton Lake. Several hydro-for 10 taf/yr, is the only urban CVP water user in the
power reservoirs are located in the river’s uppernorthern end. Oak Flat Water District is the only SWP
watershed above Friant; however, the only consump-contractor served from the California Aqueduct within
tire use of water associated with them is reservoirthis region, with a maximum contract entitlement of
evaporation. Total system storage including Millerton5.7 ta£. The.California Aqueduct and DMC carry water

from the Delta into San Luis Reservoir for storage and
later delivery. San Luis Reservoir marks the beginning
of the State-federal joint use San Luis Canal. Lands
adjacent to the San Luis Canal downstream from the
reservoir are part of the CVP’s service area, and receive
their water supply through contracts with USBR. San
Luis Water District is one of the larger CVP contrac-
tors in this area, receiving its supplies through both
the DMC and the SLC.

The northwest corner of this region, including the
communities of Byron, Brentwood, and Thornton,
receives much of its water supply via direct diversion
of surface water from Delta waterways. Local water

~ .;, ~.    .;:~. supply agencies include East Contra Costa Irrigation
’~ .... ~ ~.- District and Byron-Bethany Irrigation District.

Groundwater
CCID, USBR, and others have evaluated thepossibility of Groundwater is an important source of supply forreplacing l!lendota Dam with a n~w fadlity to improve the
structure’s operational eapabilltles. The original dam at th~s the region. Many urban areas rely solely on ground-
site was constructed in the 1880s by the Miller et Lux water for their supply. Groundwater overdraft occurs

Corporation. in much of the valley floor.
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Looking upstream at the
California Aqueduct (left

side of photo) and the Delta-
2VJendota Canal (right side).
Bethany Reservoir is in the

upper lej~ corner.

Local Water Resources Integrity of Delta Levees
Management Issues Delta islands are protected by more than 1,000
Cosumnes River Flood Management miles of levees, and commonly lie 10 to 15 feet below

The Cosumnes River is unique among Sierra Ne-sea level. Failure of these levees could occur as the re-
vada rivers for its lack of dams and related watersult of earthquakes or floods, gradual deterioration,
development features. Efforts are ongoing to preserveand/or improper maintenance. Composed largely of
and restore a riparian corridor along the river’s pathpeat soils, many islands are vulnerable to seepage and
on the valley floor; the relationship of those efforts tosubsidence. Subsidence of peat soils and settling of levee
recendy emphasized floodplain management needs isfoundations increase the risk of levee failure.
being evaluated.

The Cosumnes River Preserve was established in
1987 to protect existing stands of valley oak riparian
forest and to restore native habitat in flood-prone ag-
ricultural fields. The preserve, located between
Sacramento and Stockton, is a cooperative effort of
organizations including the Nature Conservancy,
Ducks Unlimited, BLM, the Department, DFG, Wild-
life Conservation Board, and Sacramento County.

The lack of upstream flood control on the
Cosumnes River and the resulting periodic flooding
have limited urban development in the lower water-
shed. Much of the agricultural land in the river’s lower
watershed is protected by private levees which experi-
enced numerous breaks during the January 1997
floods. Nonstructural alternatives for flood control are
being investigated, such as breaching levees and estab-
lishing levee setbacks to provide more area for flood
waters to spread. Private lands have been identified for
possible acquisition, subject to the willingness of sell-
ers and the availability of funds. Oak trees at the Cosumnes River Preserve.
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¯.....................................................: -- :~ :~ ¯ ............. Interim South Delta Program

~ and Temporary Barriers Project

~ In 1990, the Department, USBR and the South~ ~"~; Delta Water Agency agreed to a draft settlement of a
1982 lawsuit by SDWA against the Department and
USBR. The draft agreement focused on short-term and
long-term actions to resolve agricultural water supply
problems in the south Delta and included provisions
to test and construct barrier facilities in certain south
Delta channels. The testing program, referred to as the
South Delta temporary barriers project, was initiated
in 1991. Its objectives were short-term improvement
of water conditions for the south Delta and the devel-
opment of data for the design of permanent barriers.
Long-term actions would be implemented through the
Interim South Delta Program described in Chapter 6.
ISDP’s purpose is to improve water levels and circula-
tion in south Delta channels for local agricultural
diversions and to enhance the existing water delivery

EBiVIUD’S l~lokelumne River Aqueduct ~raverses the southern capability of the SWP through improved south Delta
Delta. hydraulics. ISDP’s preferred alternative would cost an

estimated $54 million to construct and includes five
The CALFED Bay-Delta Program identified the components: constructing a new intake structure at

Delta levee system as an important resource. TheClifton Court Forebay; dredging a 4.9-mile reach of
program’s strategy for improving its levee system in-Old River; constructing flow control structures at Old
tegrity is to implement a Delta levee protection planRiver, Middle River, and Grant Line Canal; construct-
that would address levee maintenance, stabilization,ing an operable fish barrier at the head of Old River to
subsidence reduction, emergency levee management,benefit San Joaquin River salmon; and increasing all-
beneficial reuse of dredged material, and establishmentversions into Clifton Court Forebay to maximize
of habitat corridors, pumping at Banks Pumping Plant.

Under the Department’s
temporary barriers program,
small b~ms have been
seasonally installed in the
South Delta to improve
channel water levels and
water quality /br Delta
irrigators. A seasonaljetshery
barrier at the head of OM
River is also installed as part
of this program.

¯ OPTIONS - INTER!OR REGIONS 8-28

C--094381
C-094381



The California Water 2~lan ~r~dat~ BULLETIN 160-98

A draft EIR/EIS for ISDP was released in August San Joaquin County is also interested in participating
1996. The final EIR/EIS is scheduled for completionin a conjunctive use project with EBMUD, in which
in late 1998. Meanwhile, installation and removal ofEBMUD’sAmerican River CVP water would bestored
temporary barriers in the south Delta continues. Thein local groundwater basins prior to being diverted into
number of temporary barriers installed and the instal-the Mokelumne River Aqueduct. This approach was
lation schedule varies with hydrologic conditions andconsidered in EBMUD’s 1995 water supply action plan
endangered species concerns, described in the San Francisco Bay Region (Chapter

7), but was not included in EBMUD’s draft EIR for
SanJoaquin County Groundwater Overdraft conveyance of its CVP supply.

Eastern San Joaquin County has a long history of
declining groundwater levels. Groundwater extractionPenn Mine Remediation

to meet agricultural and urban demands has created Penn Mine is an abandoned copper/zinc mine first
two pronounced pumping depressions since the lateworked in the 1860s. Major activity at the site occurred
1940s and early 1950s. The larger depression is be-in the early 1900s and during World War II. Mine
tween the Mokelumne River and the Stanislaus River.stormwater runoffand acidic drainage historically en-
The center of this depression is east of Stockton, wheretered the Mokelumne River near Campo Seco, above
groundwater levels can be more than 70 feet below seaEBMUD’s Camanche Reservoir, and caused fish kills
level following the irrigation season. This pumping de-in the river from the 1930s through the 1970s.
pression caused poorer water quality from the DeltaEBMUD, in conjunction with DFG and the Central
to migrate ,toward the City of Stockton. Several mu-Valley RWQCB, made surface drainage improvements
nidpal wells in west Stockton have been abandonedon the mine property and constructed Mine Run Dam
because of the decline in groundwater quality. Thein 1978 to provide storage and to control part of the
other groundwater depression is between themine runoff. EBMUD and the RWQCB began onsite
Cosumnes River and the Mokelumne River, extend-neutralization and treatment 0facid mine drainage in
ing north into Sacramento County. Groundwater levels1993. Litigation against EBMUD and the RWQCB
here are more than 30 feet below sea level, by environmental organizations led to a negotiated

The Department recently completed a study ofagreement for long-term site remediation. An EIR/EIS
eastern San Joaquin County as part of a Stanislaus-completed in 1997 calls for excavation and removal of
Calaveras conjunctive use project. Data developed formine waste materials at the site, removal of Mine Run
this study suggested that the annual overdraft in theDam, further site regrading, and revegetation.
eastern San Joaquin Countywas about 70 tar, at a 1990
level ofdevelopment. A later study completed by USBRConservation Storage in Farmington Reservoir

as part of its American River water resources investi- USACE completed a reconnaissance study of
gadon estimated overdraft to be about 130 tafat a 2030Stockton metropolitan area flood control needs in
level of development. This study concluded that 771997, in cooperation with the City of Stockton, San
taf/yr of additional supply would be needed to pre-Joaquin County; and Stockton East Water District. The
vent migration of poor quality water into the Stocktonstudy evaluated modifying Farmington Reservoir to
area. Several overdraft management options are beingprovide carryover storage. USACE also completed a
considered, all of which require substituting surfaceconjunctive use study in 1997, evaluating Farmington
water supplies for groundwater use. USBR proposedReservoir’s potential to reduce groundwater overdraft
two major alternatives for providing future water sup-in eastern San Joaquin County. Three alternatives were
ply--a conjunctive use alternative and a multipurposeevaluated, including reservoir reoperation to allow year-
Auburn Dam. In its 1998 record of decision for theround diversions at RockCreek, dam modification for
study, USBR decided that it would not take furtherseasonal water storage, and dam modification for long-
action to meet study area future water needs, term water storage. (SEWD operates a Rock Creek

San Joaquin County filed a water rights applica-diversion structure downstream of Farmington Dam
tion for an American River diversion of 322 tafin wetto convey CVP water from the Stanislaus River to its
years via the Folsom South Canal. The existing canalservice area during the irrigation season.) USACE’s
would be extended, and would be used to providestudy showed that reoperating Farming, ton for year-
supplemental supplies to reduce groundwater overdraft,round diversions at Rock Creek and groundwater
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New Melones Reservoir
Water Supply and Operations

SEWD and CSJWCD began constructing facili-
ties in 1991 to convey 155 tafofinterim CVP contract
supply from New Melones Reservoir to their service
areas. Much of the imported water was to be used to
reduce local groundwater overdraft. Because of changes
in the operation of New Melones Reservoir, little in-
terim CVP water has been delivered to the two districts.

Enactment of CVHA and the issuance of SWRCB
Order WR 95-6, increased project water requirements
for environmental purposes. Table 8-9 shows the quan-
tities of environmental supplies provided from New
Melones releases.

As discussed in Chapter 2, allocation of responsi-
bility for meeting SWRCB Order WR 95-6 flow
requirements is now pending in a water rights hearing
before the Board. One alternative for meeting San
Joaquin River flow requirements is the Vemalis adap-
tive management plan, negotiated among the river’s
water users for sharing their responsibilities for actions
such as providing spring pulse flows. USBR is pres-
ently analyzing how VAMP implementation would
affect New Melones operations.

Additionally, USBR and USFWS plan to conduct
an appraisal-level temperature control study for New
Melones Reservoir, as called for in CVPIA. The study
will identify structural or nonstructural alternatives to
control water temperatures in the river downstream

Burrowing owls are ground-dwelllng owls found in open
grassland areas and around eultivated fields. Inereaslng from the dam.
urbanization in the San Joaquin Valley will reduce the

Urban Growth Pressureshabitat available for these owls.
jgom San Francisco Bay Area

recharge would be the best alternatives for improving San Joaquin Valley communities within commut-
management of available water supplies froming distance ofthe San Francisco Bay area are experiencing
Littlejohns Creek and the Stanislaus River. If additionalrapid growth, as persons who work in the Bay Area are
Stanislans River water supplies became available toattracted by lower housing costs in the Valle% During
SEWD through CVP water deliveries, flood controlthe real estate boom of the late 1980s and early 1990s,
releases from New Melones, or water marketing, stor-there was considerable local concern over water supply
age in Farmington Reservoir might enhance other wateravailability for proposed new towns on the western edge
management actions. A USACE study prepared in theof the valley. At least nine new communities had been
1980s suggested that Farmington Reservoir could beproposed in southwestern San Joaquin Count% an area
enlarged by as much as 160 taf for conservation storage,where additional groundwater development is constrained

SEWD identified two other actions to augmentby both quality and quantity ofsupply. Fewofthesecom-
surface supplies--more groundwater recharge and amunities were ultimately approved by local land use
short-term transfer of 30 tar from Oakdale Irrigationplanning authorities. One proposed community, New
District and South San Joaquin Irrigation District. TheJerusalem, was initially approved, but an amendment to
districts are preparing an EIR to market up to 30 taftthe county’s general plan is being processed to remove
yr of their surface supply for 10 years, using existingthe community from the plan. Mountain House is one
conveyance facilities, of the few new towns actually being developed.
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TABLE 8-9

New Melones Releases for CVPIA Environmental Purposes (taf)

Water Yeara Dedicated Water Sup#lemental Water Total

1993 140.9 0.0 140.9
1994 22.7 45.1 67.8
1995 146.3 4.2 150.5
1996 113.4 0.0 113.4
1997 79.9 50.0 129.9

USBR’s water yeax is from March through February.

East County Water Supply Study ¯ Continued groundwater pumping with existing

The East County Water Management Association levels of local pooling of surface water supplies.

is an organization of eleven cities and local agencies in
The second scenario ranked the highest among

eastern Contra Costa County--Antioch, Brentwood,the three scenarios. Spot water transfers and short-term

Pittsburg, Byron-Bethany ID, East Contra Costa ID,demand reduction would provide drought year sup-

Contra Costa County WA, Contra Costa WD, Diabloply for this scenario. Recommendations made in the

WD, Delta Diablo Sanitation District, Contra Costastudy included:

County Sanitation District No. 19, and Ironhouse Sani-’ ¯ ECWMA should commission a comprehensive

tary District. In response to urban growth pressures,
groundwater study of the east county area. The

the association conducted a study to identify and evalu- study should focus on groundwater quantity and

ate potential water management strategies for meeting quality, and interactions between surface water and

the east county’s future water needs. The study identi- groundwater supplies. An in-county conjunctive

fied a variety of potential supplies to meet future water use program to manage drought year shortages
should be evaluated.demands through 2040 including in-county surfacē
An aquifer storage and recovery program shouldwater, in-county groundwater, recycled water, water

transfers from outside the count~ conjunctive use, and be investigated in the Randall-Bold water treat-

water conservation,
ment plant area, in the event that ECWMA
member agencies are required to limit their DeltaBecause the area has access to surface water sup-
diversions at some times of the year.plies through CVP contracts and local diversions, studȳ
ECWMA members should construct dual waterresults indicated that in-county surface water supplies
distribution systems to facilitate future use of re-could meet future water demands in average years.

Shortages would occur after 2010 in drought years, cycled water in all water service areas within the

Current study area groundwater use is about 14.5 taf/ east county.

yr. Some areas (such as Brentwood, Discovery Ba)~
¯ Interties between water treatment plant service

Bethel Island, and Hotchkiss Tract) depend entirely areas increase reliability and flexibility during
emergencies. The Cities of.Pittsburg and Antioch,on groundwater. Others (such as Pittsburg, Antioch, and
CCWD, and DWD should discuss potential in-DWD) use groundwater to supplement surface water
tertie benefits associated with CCWD’s reliabilitysupplies. Groundwater quality problems in the eastern

county may limit future groundwater development, improvement project.

The study evaluated three water supply scenarios:
¯ Maximized local pooling ofsurface water supplies.Los Banos Grandes Reservoir Studies

This concept would require negotiation of new The Department has studied potential SWP
agreements for long-term transfer of surplus wa-offstream storage sites south of the Delta, as described
ter supplies from two agricultural districts (ECCID in Chapter 6. These studies led to a December 1990

~ and BBID) to agencies serving urban areas, andLos Banos Grandes Facilities Feasibility Report, which
changes to the place of use/purpose of use in ex-recommended construction of a 1.7 mafreservoir and
isting water rights, associated facilities on Los Banos Creek in western

¯ Continued groundwaterpumpingwith maximizedMerced County. The Department has placed this
local pooling of surface water supplies, project on hold pending a CALFED decision on Delta
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Grasslands Bypass Project Drainage Fee System

The fee system has tiered charges based on percent exceedance of monthly and annual selenium loads. These load targets are
in accordance with RWQCB waste discharge requirements for agricultural drain water. If load targets are exceeded by more
than 20 percent in any given year, the project may be terminated at the discretion of the USBR. An interim review of project
performance will be conducted after two years of operation.

Monthly Fees for Percent Exceedance
(Dollars)

Year 0.1 - 10% 10.1 - 15% 15.1 - 20% 20.1 - 25% 25+ %
1 700 1,400 2,100 2,800 2,800
2 1,200 2,200 3,200 4,200 4,200
3 5,200 7,600 10,100 12,500 12,500
4 6,800 10,100 13,400 16,700 16,700
5 8,300 12,500 16,700 20,800 20,800

Annual Fees for Percent Exceedance
(Dollars)

Year 0.1 - 5% 5.1 - 10% 10.1 - 15% 15.1 - 20% 20+%
1 25,000 50,000 75,000 100,000 100,000
2 44,000 79,000 115,000 150,000 150,000
3 63,000 92,000 121,000 150,000 150,000
4 81,000 121,000 160,000 200,000 200,000
5 100,000 150,000 200,000 250,000 250,000

improvements. The project could then be reevaluatedwater districts in the region discharge drainage water
in consideration of those improvements and of theto the San Joaquin River. Much of the salt and sele-
needs and financial capabilities of SWP contractors,nium loading in the river originate from Grassland

WD’s canals and from two sloughs tributary to the
MercedArea Conjunctive Use Study river Mud and Salt Sloughs.

In 1993, the City of Merced and Merced Irriga- Grasslands Bypass ChanndProject. Agricultural
tion District began a two-year water supply planningdrainage from the Grasslands Basin historically dis-
process for eastern Merced County through 2030. Thecharged to natural channels that meandered through
goals of the study were to manage groundwater, pro-Grasslands Water District. Flows in these channels
vide a reliable water supply for cities, protect andeventually reach the San Joaquin River via Mud and
enhance the economic base of the region, protectSalt Sloughs. In an attempt to manage selenium loads
MID’s water rights, and maintain consensus for theentering the San Joaquin River, USBR is operating a
plan. The advisory committee selected a groundwater5-year Grasslands bypass demonstration project. A two-
recharge option as the preferred alternative. Themile long channel was constructed to intercept drainage
groundwater basin would be operated in combinationwater that would otherwise flow towards Grasslands
with a surface water storage and conveyance system.Water District. The new channel carries drainage wa-
Studies to determine groundwater recharge quantitiester to the exisdng San Luis Drain, allowing the drainage
and locations are currendy underway, water to discharge to the San Joaquin River. An agree-

ment for reopening part of the San Luis Drain was
AgriculturalDrainage signed by USBR and the San Luis and Delta-Mendota

Significant efforts have been made to manage sa-Water Authority. The agreement established a drain-
line drainage water in the region. Closure of San Luisage incentive fee system to provide monetary incentives
Drain has made it essential for agricultural districts tofor reducing selenium loads discharged to the drain
manage irrigation applications as efficiendy as possible(see sidebar). The project became operational in 1996
onsite until a regional solution for drainage manage-and has significandy reduced salt and selenium loads
ment and disposal is developed. Some agriculturalentering Grasslands Water District and Salt Slough.
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San Joaquin River Real Time Drainage Moni- tion and declaratory judgment to prevent USBR from
tor~ngProgram. Participants in the San Joaquin Riverrenewing long-term CVP water supply contracts with-
Management Program set up a networkoftelemeteredout preparing environmental documentation and to
flow and salinity monitoring stations on the Sanrequire releases for instream uses from Friant Dam,
Joaquin River. Data from the stations were linked to abased on Fish and Game Code Section 5937 and the
flow model of the San Joaquin River and its tributar-public trust doctrine. The legal issues were:
ies. Information from the model was distributed tō Does federal law require USBR to renew the wa-
water managers by e-mail. A demonstration of the real- ter contracts subject to NEPA and ESA review?
time monitoring effort was carried out in 1996.° Does Fish and Game Code Section 5937 apply to
Grasslands Water District managers were informed that federal projects?
the model predicted a major increase in river flow. Thē Has CVPIA preempted Fish and Game Code Sec-
district discharged a significant amount of high salin- tion 5937?
itywater from its waterfowl ponds by partially draining The court found that CVPINs passage had not
them during the high flow event. This timed dischargecaused the NEPA and ESA claims to be moot, nor
resulted in better qualitywater in the San Joaquin Riverhad CVPIA preempted the plaintiff’s claim under the
later that spring. A significant portion of the salt loadFish and Game Code. The court also ruled that USBR
from Grasslands had already passed through the sys-failed to comply with Section 7 of the ESA when it
tem by the time agricultural diversions began. In 1997,renewed contracts without consulting with federal
CALFED approved Category III funding to imple- wildlife regulatory agencies. The court declared all con-
ment a 2-year program to expand the monitoringtracts renewed before CVHA enactment invalid. The
network. The program is scheduled to begin in fallcase was appealed to the Ninth Circuit Court of Ap-
1998. peals which upheld the District Court’s ruling.

In a setting apart from the litigation, the Friant
Enlargement of Frlant Dam Water Users Authority, Natural Resources Defense

At 520 tar, Millerton Lake has a small storage ca-Council, and Pacific Coast Federation of Fishermeffs
pacity relative to the San Joaquin River’s average annualAssociations have agreed to pursue mutually accept-
flow. Enlargement of Friant Dam has been consideredable restoration activities on the San Joaquin River.
in the past to augment regional water supplies. Re-Initially, the group has agreed to work on riparian habi-
cently, needs for fishery flows and improvedtat restoration along a150-mile reach ofthe river from
management of winter/spring floodwaters have beenFriant Dam to the Merced River confluence. The ob-
emphasized. USBRevaluated the potentialyield ofrais-jecrives of the effort are to implement a plan for
ing Friant Dam about 140 feet in the 1980s. Therestoring a continuous riparian corridor in the study
Resources Agency’s 1995 SJRMP Plan recommendedreach and to construct riparian habitat restoration
that enlarging Friant be studied for multipurpose use.projects.
Assembly Joint Resolution 7 in 1997 urged the fed-
eral government to promptly evaluate raising FriantEnvironmentalRestorau’on Aetlviu’es

Dam. Raising Friant Dam would provide water sup-in the SanJoaquln River Basin

plies for CVP water users and downstream riparian Many restoration actions are being evaluated for
diverters, for SWRCB salinity and fishery flow require-the San Joaquin River system. Examples of completed
ments at Vernalis, and for dilution of agriculturalactions include:
drainage flows discharged to the river. These supplies̄ A spawning gravel restoration project on the lower
would be obtained by storing surplus winter floodwa- Stanislaus River was completed in 1996. This
ters, increasing flood protection levels for lands project consisted of constructing riffles and plac-
downstream. An issue that would need to be addressed ing gravel for salmon spawning habitat at three
is instream flows in the river immediately downstream sites, river miles 47.4, 50.4, and 50.9.
from the dam, as described below. ° A spawning gravel restoration project below

Crocker-Huffman Dam on the Merced River was
Instream Flow Requirements Below Frlant Dam completed in 1990 and repaired in 1996.

In 1988, the Natural Resources Defense Council̄ The Magneson Pond isolation project on the
filed a suit in U.S. District Court, seeking an injunc- Merced River, completed in 1996, consisted ofiso-
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lating a gravel pit from the river and replacinḡ DFG and USFWS plan to restore the channel of
spawning gravel, a six-mite stretch of the Tuolumne River by isolat-

¯ TheM.J. Ruddyspawninggravelprojectwascom- ing or filling gravel pits along the river and
pleted in 1993 on the Tuolumne River. Another restoring spawning gravel habitat.
project was completed in 1996 to construct chan-
nels above the M. J. Ruddy project, to equalizeSanJoaquin River Parkway Development
river flows to protect the spawning habitat from

The San Joaquin River Conservancy is a Statewashout.
¯ The La Grange spawning riffle project, completed

agency charged with acquiring and managing public
lands within the San Joaquin River Parkway. The goal

in 1994, consisted of constructing riffles and plac-of the conservancy is to preserve and enhance the San
ing spawning gravel at three sites along theJoaquin River’s biological diversi~ protect its cultural
Tuolumne River. and natural resources, and provide educational and¯ Funds from the SWP Four-Pumps Agreement haverecreational opportunities to local communities.been used since 1994 to support one DFG war- The San Joaquin River Parkway includes the San
den assigned to enforce fishing regulations (reduceJoaquin River and about 5,900 acres of land on both
poaching ofanadromous fish)on the San Joaquinsides of the river, and extends about 22 miles fromRiver system. Friant Dam downstream to the Highway 99 crossing¯ Temporary fish barriers have been constructed andof the river. The parkway is planned as a riparian cor-
removed on a seasonal basis every year at Hills Ferryridor with trails for hiking, horseback riding, and
on the San Joaquin River (downstream of thebiking; boating access points; wildlife areas; and edu-
mouth of Merced River) and at the head of Oldcation areas. Approximately 1,900 acres are located in
River in the Delta. Madera County and 4,000 acres in Fresno County, of¯ Implementation of the CVPIA dedicated water which approximately 1,600 acres are in public owner-
provision and the Bay-DeltaAccord have increasedship. The conservancy, working with the Wildlife
San Joaquin River instream flows. Spring pulseConservation Board and the San Joaquin River Park-
flows have also been provided.

¯ The 1996 Tuolumne River FERC settlement
way and Conservation Trust, has been making land
acquisitions for the parkway. Other completed projectsagreement among Turlock ID, Modesto ID, Cityinclude habitat restoration efforts and construction of

and County of San Francisco, DFG, and others
5 miles of a multiple-use recreation trail.increased instream flows from New Don Pedro

Reservoir, extended and supplemented fish moni~
January I997 SanJoaquintoring requirements, and provided for non-flow
River Re~ion FloodEventfish habitat improvement measures.

Several programs are under way to provide addi- The January 1997 flood event was notable for its
tional fishery benefits in the region. Examples ofsustained rainfall intensit~ the volume of floodwater,
ongoing fishery restoration projects include: and the extent of the storm pattern--from the Or-

" The Category III program has contributed fund-egon border down to the southern end of the Sierra.
ing for a feasibility study of screening atOver a three day period, warm moist winds from the
Banta-Carbona Irrigation District’s Main Lift Ca- southwest blew over the Sierra Nevada, pouring over
nal intake channel on the San Joaquin River. 30 inches of rain on watersheds already saturated by

¯ Plans for construction of Tuolumne Fish Hatch-one of the wettest Decembers on record. The volume
ery are under way, although several environmentalof runoff exceeded the flood control capacity of New
hurdles need to be addressed before a final deci-Don Pedro Reservoir and Millerton Lake. Although
sion is made to build the fish hatchery. Land forthe peak flood release from New Don Pedro Dam was
the hatcherywas acquired by the Four-Pumps pro-less than half the peak Tuolumne River inflow of
gram in 1996. 120,000 cfs, itwas more than six times the downstream

¯ USBR is preparing plans to replace CCID’schannel’s flood controllimit of 9,000 cfs. In all, thirty-
Mendota Dam. Replacement of the dam wouldsix levee failures occurred along the San Joaquin River
improve fish passage and provide increased watersystem, along with extensive damage related to high
supply to Mendota NWR. flows and inundation. Most of the damage occurred
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downstream of the Tuolumne River confluence, those urban conservation efforts which exceed BMPs
The primary flood control issue facing the Sanare considered as options. Urban water conservation

Joaquin River Region is the lack of flood channel ca-options were deferred from detailed evaluation because
pacity. Channels and levees are generally designed forthey provide little cost-effective potential to create new
50-year flood protection. Insufficient channel capac-water through depletion reductions.
ity is especially problematic in the lower San Joaquin Ag~4eulturaL The 2020 agricultural water demand
River below the Merced River. At the lower end of theforecasts assume that EWMPs are in place. As with
system, sediment deposition continues to raise the riverthe urban water management options, only those ag-
bed and reduce channel capaci~. Sediment depositionricultural conservation efforts which exceed EWMPs
also promotes vegetation growth, thereby increasingare considered as options. Changes in irrigation man-
channel roughness and further impeding flows. Asagement practices to attain SAEs of 76 to 80 percent
urban development occurs on lands formerly used forwould yield less than 1 taf/yr depletion reduction. Flex-
agriculture, the need for higher levels of flood protec-ible water delivery, canal lining and piping, and
tion becomes more important, tailwater recovery could each yield 2 taf/yr depletion

The 1997 Final Report of the Flood Emergency reduction.
Ac~on Team to the Governor detailed several recom-
mendations and possible actions for the San JoaquinModify Existing Reservoirs

River watershed, such as: Various agencies have looked at raising or modi-
¯ A USACE reconnaissance study for theTuolumnefying existing water supply and/or multipurpose

River to evaluate constructing a flood control im-reservoirs. USACE and SEWD are evaluating modifi-
poundment on Dry Creek, restrictingcations or reoperation of Farmington Reservoir. Local
development in the floodplain, and developingrunoff, plus New Melones or American River supplies,
offstream flood storage to be integrated with wa-could be used to fill an enlarged reservoir.
ter supply storage.

¯ Acquisition of flood-prone lands (largely agricul-New Reservoirs

tural lands) in Stanislaus County which could be Onstream Storage. Amador County Water
added to USFWS’s San Joaquin National Wild-Agency developed preliminary proposals for the Irish
life Refuge. The lands would be managed to allowHill and Volcano Reservoir projects. Irish Hill Reser-
periodic flooding, and would provide temporaryvolt, on Dry Creek, would serve areas near lone with
storage of flood peaks. A similar approach couldup to 23.7 tar of drought year supply~ Volcano Reser-
be taken at the West Bear Creek Unit of the Sanvoir, on Sutter Creek, would serve the communities of
Luis National Wildlife Refuge, where floodflows Sutter Creek and Amador City, in addition to provid-
could be temporarily stored on existing refugeing flood control benefits for Sutter Creek. The
lands, estimated drought year supply would be 14.7 taf. Stud-

- Increasing the capacity of the lower San Joaquinies on both projects are inactive.
River by measures such as channel dredging, set- Amador County has participated in studies of the
back levees, and improving bridge crossings, larger Middle Bar and Devils Nose reservoir projects.

Alternatives for Middle Bar included a low and high

Water Management Options dam, with drought year supplies of 12 tafand 159 taf,

for the San Joaquin River Region respectively. The larger Middle Bar Dam has been con-
sidered by EBMUD as a water supply option for its

Table 8-10 shows a list of options for the region,service area in the San Francisco Bay Region. The res-
and the results of an initial screening of the options,ervoir, however, could provide some local supply to
The retained options were evaluated (Table 8A-2 inAmador, Calaveras, and possibly San Joaquin Coun-
Appendix 8A) based on a set of fixed criteria discussedties. A number of obstacles such as water rights, a FERC
in Chapter 6. license, and financing would need to be addressed be-

fore proceeding with the project. The proposed Devils
Water Conservation Nose project would be a hydroelectric power project

Urban. Urban water demand forecasts for 2020 with incidental water supply benefits, along the north
assume that BMPs are in place; consequently, only fork and mainstem of the Mokelumne River. As con-
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TABLE 8-10

San Joaquin River Region List of Water Management Options

Option Retain Reason for Deferral
or Defer

Conservation
UrbanOutdoor Water Use to 0.8 ET°

Defer No significant depletion reductions attainable.
Indoor Water Use Defer No significant depletion reductions attainable.
Interior CII Water Use Defer No significant depletion reductions attainable.
Distribution System Losses Defer No significant depletion reductions attainable.

Seasonal Application Efficiency Improvements Defer No significant depletion reductions attainable.
Flexible Water Delivery Retain
Canal Lining and Piping Retain
Tailwater Recovery Retain

Modify Existing Reservolrs/Operatlons
_ Reoperate/Enlarge Farmington Reservoir Retain

New Reservolrs/Conveyance Facilities
Montgomery Reservoir Offstream Storage Retain
(Merced County)
Fine Gold Creek Offstream Storage Retain
(Madera County)
Irish Hill Reservoir (Amador County) Retain
Volcano Reservoir (Amador County) Defer Geologic constraints.
Middle Bar Reservoir (Amador County) Retain
Devils Nose Reservoir (Amador County) Retain
Cape Cod Reservoir (Cosumnes River) Defer Major storage unlikely on Cosumnes River.
Bakers Ford Reservoir (Cosumnes River) Defer Major storage unlikely on Cosumnes River.
Mid-Valley Canal Defer Questionable water supply availability.

Groundwater/Conjunctive Use
EBMUD/San Joaquin County Conjunctive Use Defer Under discussion; nor yet defined.
Stockton East WD Retain
Madera Ranch Retain

Water Recycling
Water recycling options Defer Water recycling options would not generate new

water supply in this region.

Desalination
Brackish Groundwater

Agricultural Drainage Defer No present local agency plans.
Seawater

Other Local Options

Statewide Options
-- -- See Chapter 6.

¯ OPTIONS - INTERIOR REGIONS 8-36

C--094389
C-094389



The California Water Plan Update BULLETIN 160-98

ceived, the project would include a 470-foot high damFine Gold Creek, a San Joaquin River tributary. Sur-
at the Devils Nose site upstream from PG&E’s Tigerplus flood flows would be pumped from Millerton Lake
Creek Forebay and below Salt Springs Reservoir. Theto the reservoir for water supply and power genera-
reservoir would have a capacity of145 taf. Waterfromtion. Potential benefits also include fishery
the reservoir would be released via a 3-mile tunnel to aenhancements and flood protection. The average year
powerhouse with 41 mW of installed capacity. Theyield is estimated to be 42 tar. According to MID’s
proposed Devils Nose project was later merged with a1991 preliminary cost estimate, the project would cost
proposed Cross County project, which included a con-in excess of $500 million. Project evaluation and in-
veyance system from Tiger CreekAfterbay to a 79 mWvestigation was estimated at $3 million, and at least 3
Cross County Powerhouse. Preliminary operation stud-years would be required to complete feasibility and
ies indicate a system yield of 23 to 30 taf/yr. EBMUD environmental investigations. The Fine Gold Creek
had also considered participation in the project. Theproject, although not originally formulated as such, is
project is currently dormant, essentially an alternative to enlarging Friant Dam.

The Cosumnes River project was examined jointly
by El Dorado, Sacramento, Amador, and San JoaquinNew Conveyance Facilities
Counties as a multipurpose project. The proposal in-
cluded up to six reservoirs with hydroelectric power Since the 1970s, several feasibility studies have
generation, flood control, and recreation to providebeen conducted on importing additional Delta sup-
supplemental water supply beneflts. Average year yieldplies to reduce groundwater overdraft in the San
of the project was estimated at 170 tar. The projectJoaquin Valley. USBR’s 1981A Reporton the Mid- Val-
would include a 300 tar Cape Cod Reservoir and aley Canal Feasibility Investigation examined the
185 tafBakers Ford Reservoir. The Cosumnes River ispossibility of constructing a canal that would supply
one of the few remaining undeveloped Sierra Nevadaportions of Madera, Merced, Fresno, Kings, Tulare,
rivers. Interest in preserving the river’s free-flowingand Kern Counties with additional imported water.
characteristics and the difficulties associated with ob- The report suggested that water from the Delta
taining a FERC license would make large-scale watercould be conveyed to O’Neill Forebay using available
development on the river unlikely. Project planning iscapacity in the California Aqueduct. From O’Neill, a
inactive, portion of the water would be delivered to Mendota

Off stream Storage. USBR studied a 240 taf res- Pool by an enlarged Delta-Mendota Canal, while the
ervoir to store spills from Lake McClure. The proposedremainder would be conveyed to Kern County using
Montgomery Reservoir would be constructed on Dryavailable capacity in the California Aqueduct. To pro-
Creek, north of the confluence of Merced River andvide water to the rest of the service area, the proposal
Dry Creek, near the community of Shelling. Watercalled for the construction of two branches of a new
would be conveyed by a two-way facility from Merced facility called the Mid-Valley Canal. The main branch
Falls Diversion Dam to Montgomery Reservoir. Re-would lift water from the Mendota Pool and carry it
leases would be used to improve instream flows and tosoutheast to Fresno, Kings, and Tulare Counties.
maintain lower water temperatures for fall-run chinookMadera and Merced Counties would receive their sup-
salmon in the Merced River. Montgomery Reservoirply via a north branch, also diverting from Mendota
would also provide additional flood protection in thePool. Introduction of this additional water supply to
San Joaquin River. About $3 million and three yearsthe San Joaquin River Region could reduce ground-
would be required to complete the feasibility study andwater overdraft and enhance wetlands, wildlife habitat,
environmental review. The project, including the res-and recreation.
ervoir, conveyance, pumping, and appurtenant facilities USBR initially identified a firm annual water sup-
has been estimated to cost about $135 million. Theply in the Delta of approximately 500 tafavailable for
yield is estimated to be 35 tar during drought years,export to the proposed service area. It was later deter-
The drought year cost of this option is estimated to bemined that this supplywas unavailable due to increased
$300/af. The project was recommended for furtherDelta outflow requirements and curtailment of pro-
study in SJRMP’s Plan. posed expansion of CVP facilities. Subsequent

In 1989, Madera Irrigation District asked USBRenactment of CVPIA and issuance of SWRCB Order
to investigate a 350 taf offstream storage project onWR 95-6 further limited available CVP water supply.
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Groundwater Development or Conjunctive Use for groundwater recharge. Wastewater that is directly

Urban and agricultural water users have relied onor indirectly discharged to the San Joaquin River be-

both surface and groundwater supplies. Many localcomes available for downstream uses, including Delta
outflow requirements. Because of extensive reapplica-water purveyors use surface water allocations, pur-

chased water, and excess flood water for groundwatertion, no water recycling options within the basin qualify

recharge. Natural waterways, local agency canals, andas new sources of supply from a regional viewpoint.
Several small water recycling projects serve localState and federal conveyance facilities create opportu-

nities for gr~oundwater recharge, storage andwater management or wastewater disposal needs. Re-

conjunctive use programs, cycled water is currently used for golf course or pasture

EBMUD is continuing discussions with Sanirrigation. The City of Stockton proposes to use re-

Joaquin County interests for a joint groundwater stor-cycled water for irrigation, groundwater storage, or

age/conjunctive use project. This option is part oftransfer to possible future storage reservoirs such as a

EBMUD’s water supply action plan described in Chap-modified Farmington Reservoir.

ter 7; its yield is undefined at this time. Desal~ng
SEWD has proposed to construct a groundwater

recharge facility at the northern terminus of the lower Many studies have explored saline groundwater

Farming-ton Canal. The canal would be extended aboutdesalting on the west side of the San Joaquin Valley.

one-half mile, and a series of recharge basins con-The Department has been involved in three such stud-

structed. The proposed facility could include up to 45ies: a wastewater treatment evaluation facility in

five-acre recharge basins, which could provide a com-Firebaugh, a Los Banos demonstration desalting facil-

bined recharge rate of 100 cfs. Estimated capital costsit~ and an Adams Avenue agricultural drainage research

for the facility are about $14.25 million, center. These studies indicated that production costs

USBR and SLDMWA are investigating a proposedfor treating agricultural drainage water were about

water banking project at Madera Ranch, southwest of$1,000/af. AS discussed in Chapter 5, desalting costs

the City of Madera. This storage facility would receiveare directly related to feedwater salinity. Today’s costs

surplus water from the Delta for recharge. Water storedfor brackish groundwater treatment are in the range
of $500 to $1,000/af, depending on feedwater salinityduring wet years could be pumped in drought years

for environmental, urban, and agricultural uses. Theand the level of infrastructure already in place. Table
recharge pond area would be 3,500 acres and the po-8-11 compares the salinity of various water sources.

tential storage capability is estimated to be about 390 The approximately 30 taf/yr of agricultural drain-

taf. When available, flows in the Delta would be con-age water now collected for the Grasslands Bypass

veyed to Mendota Pool for diversion to the project atProject represents a source of brackish water available

a rate of up to 400 cfs. Withdrawal capacity from thefor treatment. Technology is available to treat the wa-

aquifer would be about 200 cfs, with average annualter, which would present a new supply to the region

yield of about 70 taf at a cost of $226/af. (as well as a means to improve San Joaquin River qual-

Phase I of the investigation, including geologic test-ity)." For such a project to be feasible, a brine disposal

ing, and review of legal, financial, and environmentalsolution would have to be found, as well as project

issues, was completed in April 1998. USBR recom-participants. No such arrangements are currently un-

mends proceeding to Phase 2, pending discussions withder negotiation.

the landowner. Two options would be examined inStatewide Op~’ons
Phase 2. One would be a multi-year commitment to
lease the facilities and services developed by the land- Statewide water supply augmentation options are
owner. A second would be for USBR to purchasediscussed and quantified in Chapter 6.

Madera Ranch property and develop a water banking
facility. Options Likely to be Implemented
WaterReeydlng in the San Joaquin River Region

Most municipal and industrial water use in the Water supplies are not available to meet all of the
San Joaquin River Region occurs on the east side ofregion’s 2020 water demands in average or drought
the San Joaquin Valley. Wastewater is generally spreadyears. Applied water shortages are forecasted to be
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TABLE 8-11

Comparison of Salinity of Water Sources

Water Source Representative Weight of
Solids in 1 Acre-foot of Water

Mono Lake 110 tons
Salton Sea 60 tons
Seawater 48 tons
Brackish Groundwater (3,000 mg/L TDS) 4 tons
Colorado River at Parker Dam 1 ton
California Aqueduct at Banks Pumping Plant 500 pounds

63 taf and 711 tafin average and drought years, re-withSEWD’s plans for conjunctive use could augment
spectively. Ranking of retained water managementsupplies by 22 tafin average years and 8 tafin drought
options for the San Joaquin River Region is summa-years.
rized in Table 8-12. Table 8-13 summarizes options Constructing Montgomery Reservoir could aug-
that can likely be implemented by 2O2O to relieve thement local drought year supplies by about 35 tar. As a
shortages, statewide option, enlarging Friant Dam could provide

Reoperating Farmington Reservoir in conjunction39 tafofadditional average year supply for the region.
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TABLE 8-12

Options Ranking for San aoaquin River Region

Op~7ona                       Rank Cost ($/a19      Potential Gain (ta]9
Average    Drought

Conservation

Agricultural

Flexible Water Delivery L 1,000 2 2

Canal Lining and Piping L 1,200 2 2
o

Tailwater Recovery H 150 2 2

Modify Existing Reservoirs/Operations

Reoperate Farmington Reservoir (surface supply only) H h 7 5

Enlarge Farmington Reservoir M 350 17 8

New Reservoirs/Conveyance Facilities

Montgomery Reservoir Offstream Storage H 300 b 35

Fine Gold Creek Offstream Storage M b 42 b

Irish Hill Reservoir L 430 33 24

Middle Bar Reservoir L b -- 159

Devils Nose Reservoir L b b 25

Groundwater/Conjunctive Use

Stockton East. WD (includes reoperating Farmington) H 100 22 8

Madera Ranch M 230 -- 70

Statewide Options

See Chapter 6.
= All or pa~ts of the amounts shown for highlighted options have been included in Table 8-13.
~’ Data not available to quantify.
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TABLE 8-13
Options Likely to be Implemented by 2020 (taf)

San Joaquin River Region

Average Drought

Applied Water Shortage 63 711
Options Likely to be Implemented by 2020

Conservation 2 2
Modify Existing Reservoirs/Operations -- --
New Reservoirs/Conveyance Facilities -- 35
Groundwater/Conjunctive Use 22 8
Water Marketing -- --
Recycling -- --
Desalting -- --
Other Loco! Options -- --
Statewide Options 39 --
Expected Reapplication -- 8

Total Potential Gain 63 53
Remaining Applied Water Shortage 0 658
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FIGURE 8-4
Tulare Lake Hydrologic Region

Canal
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Tulare Lake
Hydrologic Region

Description of the Area

The Tulare Lake Region includes the southern half
of the San Joaquin Valley and the uplands that sur-
round it (Figure 8-4). The San Joaquin River watershed
forms the northern boundary of the region, and the
Tehachapi Mountains form the southern boundary.
The region is bounded to the east by the Sierra Ne-
vada crest and by the Temblor Range to the west. The
climate in the valley varies from fog shrouded winters
to long, hot summers. The valley typically receives
about 6 to 11 inches of rainfall annually, while average
precipitation in the mountains range from 12 to 36
inches, mostly in the form of snow. Most of the region’s
population is located on the east side of the valley. The
area includes several rapidly growing cities, the largest
of which are Fresno, Bakersfield, and Visalia. Other
population centers include Hanford, Clovis, Tulare,
Porterville, and Delano. Table 8-14 shows 1995 andThe Friant-Kern Canal extends southwardsj~ora Friant
2020 populations and crop acreages. Dam, s~ving lands on the eastern side of the San Joaquin

The major employment sectors in Tulare LakeValley. The eanal is almost152 miles lon~ andhusa
Region are based on agriculture, although the petro-maximum capacity of 5,000 ~;~.

leum industry is important in parts of the valley’s west
side and in Kern County. In the sparsely populatedceed municipal water demands. Most of the land area
areas on the west side of the valley, industrial waterin the valley not devoted to urban and industrial put-
demands for petroleum recovery and production ex-poses is used for agriculture. The predominant crop is

cotton, followed by permanent orchards and vineyards.

TABLE 8-14 Major orchard crops are almonds and pistachios. Other

Population and Crop Acreage major crops are alfalfa and pasture, grain, corn, and
field and truck crops.

Population Irrigated Crop Acreage This region receives runoff from four main river
(thousands) (thousands of acres) basins--the Kings, Kaweah, Tule, and Kern. The prin-

1995 1,738 3,127 cipal flood control and regulatory reservoirs for these
2020 3,296 2,985 rivers are Pine Flat Lake, Lake Kaweah, Success Lake,
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The Buena Vista Aquatic
Reereatlon Are~ operated by

Kern Coun~F, is located at
the north end of the former
Buena Vista Lakebe~L The
California Aqueduct (seen
grossing the top of the photo,
at the baae of Elk Hill,) skirts
the lahebed’s western edge.

and Isabella Lake. Major water conveyance facilities Under 1995-level average hydrologic conditions,
for the area include the California Aqueduct, thelocal surface supplies from the Kings, Kaweah, Tule,
Friant-Kern Canal, and the Cross Valley Canal. Waterand Kern River systems are the most significant sources
districts within the region have developed an exten-of surface water to the region. The next largest surface
sire network of canals, channels, and pipelines towater source is the CVlq, which delivers water through
deliver these water sources to users. Under normal con-the joint State-federal San Luis Canal, Coalinga Ca-
ditions, the region has no natural outlet to the ocean,nal, Friant-Kern Canal, and Cross Valley Canal. The
During high runoffyears, excess water flows down theother major source of surface water is the SWP.
Kings River north fork channel toward Mendota Pool The majority of the region’s SWP supply is con-
and on to the San Joaquin River. In the wettest yearstracted to Kern County Water Agency. KCWA’s SWP
Kings River floodwaters reach the Tulare Lake via thesupply is distributed to fourteen of its member agen-
south fork of the river. Excess runoff from the Kaweahcies; the largest entitlements go to Wheeler
and Tule Rivers also flows into Tulare Lakebed, flood-Ridge-Maricopa Water Storage District, Berrenda Mesa
ing leveed agricultural fields. Water District, Belridge Water Storage District, and

The Tulare, BuenaVista, and Kern Lakebeds, onceLost Hills Water District. Since these four districts have
the region’s drainage sinks, have been converted tolimited (or no)groundwater suppl~ each relies almost
agricultural use. Small areas in Buena Vista Lakebedentirely on SWP supplies to meet its water demands.
are used for regulation of irrigation waters. Since 1977,Most other KCWA member agencies have Kern River,
excess snowmelt runofffrom the Kern River has beenFriant-Kern Canal, Cross Valley Canal, or groundwa-
transported to the California Aqueduct via the Kernter supplies available. Part of the City of Bakersfleld’s
River Intertie to alleviate flooding, water supplies come from the SWP, via KCWA.

The region has several managed wetlands areas,The Friant-Kern Canal conveys CVP supply to
including Pixley National Wildlife Refuge, Kern Na-24 long-term contractors in the region. Among the
tional Wildlife Refuge, and Mendota Wildlifelargest contractors for Friant-Kern supply are Arvin-
Management Area. Edison Water Storage District, Lower Tule River

Irrigation District, and Delano-Earlimart Irrigation

Water Demands and Supplies District.The San Luis Canal also distributes CVP sup-
pl)~ most of which goes to Westlands Water District.

Table 8-15 shows regional water demands andWith an allocation of 1,150 taf/yr, Westlands Water
supplies. Shortages at a 1995 level of development inDistrict is CVP’s largest contractor. Westlands supplies
average water year conditions represent the region’s 820primarily agricultural users; however, about 5.5 taf/yr
tafofgroundwater overdraft and 50 tafofshortages inis supplied to urban users such as Lemoore Naval Air
Westlands Water District’s service area. Station. (Even with a full CVP contract supply,
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TABLE 8-15
Tulare Lake Region Water Budget (taf)a

1995 2020
Average               Drought               Average                 Drought

Water Use
Urban 690 690 1,099 1,099
Agricultural 10,736 10,026 10,123 9,532
Environmental 1,672 809 1,676 813
Total 13,098 11,525 12,897 11,443

Supplies
Surface Water 7,888 3,693 7,791 3,593
Groundwater 4,340 5,970 4,386 5,999
Recycled and Desalted 0 0 0 0
Total 12,228 9,663 12,177 9,592

Shortage 870 1,862 720 1,851
a Water use/supply tota!s a~d shortages may not sum due to rounding.

Westlands purchases about 200 taf/yr from othertuating year-to-year surface supplies, its availability is

sources to meet its growers’ normal crop needs.) of great importance to the region. Although urban use
Arvin-Edison Water Storage District and KCWA is expected to increase about 410 tafby 2020, ground-

entered into agreements in 1974 for participation inwater overdraft is expected to decrease 150 taf (from

the Cross Valley Canal. AEWSD also entered into water820 tafto 670 tar) within the planning horizon due to

exchange agreements with ten agencies in the Friant-declining agricultural use. Most of the urban water use

Kern Canal service area. The exchange water isin the region is served from groundwater, although the

delivered through the California Aqueduct and theCities of Fresno and Clovis are taking actions to begin

Cross Valley Canal to AEWSD facilities. AEWSD re-treating surface water supplies.

ceives 128 tar annually of exchange water and makes
available to exchange entities the first 174 tar of itsLocal Water Resources
Class I and ClassII entitlements from the Friant- Management Issues
Kern Canal.

Including overdraft, 2020 average year groundwa-Groundwater Overdraj~

ter extraction is forecasted to be about 5.1 maffor the Annual fluctuations in groundwater levels vary
region. Since groundwater provides a buffer for fluc-with availability of surface water. About 70 percent of

The Kern River near
Oildale, at the edge of the

Sierra Nevada foothills.
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Kern Fan Hement was to be constructed on lands
owned by the Department. Pursuant to the SWP’s
Monterey Amendment, the KFE was subsequently
transferred to the Kern Water Bank Authori~

Semitropic Water Storage District is participating
in an in lieu groundwater banking project with
MWDSC, SCVWD, ACWD, and Z7WA. This
project involves expanding SWSD’s conveyance sys-
tem, so that areas normally relying on groundwater
will have surface water available in wet years. SWSD
water users will receive excess surface water from its
banking partners’ SWP supply in wet years. In drier
years, SWSD would release its SWP allocation to its
partners and, ifnecessar~ pump groundwater back into
the California Aqueduct to meet its obligations. The
maximum storage capacity of SWSD’s groundwater
basin is 1 maf. Commitments have been made for

The former Tulare Lakebed has been redalmed for farming, about 80 percent of the project. The remaining 200
Floodwatersb~om the Sierra now reach the lakebed only in taf of storage is available to other potential banking
the wettest years, partners or for expansion of commitments by existing

partners.
the region’s overdraft occurs in the Kings-Kaweah-Tule M’WDSC and Alvin-Edison Water Storage Dis-
Rivers planning subarea. Urban water demands in thetrier completed negotiations on a 350 taf water
subarea are met almost exclusively by groundwater,banking/exchange program. Water banked in this pro-
Agricultural development in the subarea includesgram would be provided by both AEWSD and
645,000 acres of permanent crops. Overdraft in theMWDSC. AEWSD would provide up to 150 tafof
region is mitigated to a certain extent by planned re-its supplies to MWDSC, depending on the quantity
charge programs, over-irrigating crops in wet years, andof new water yield developed by the program.
allowing seepage from unlined canal systems. MWDSC would provide the remaining portion of the

water supplies from its own sources. AEWSD will con-
Groundwater Banking Programs struct 500-600 acres of new infiltration basins, 15 new

The Department, in cooperation with KCWA and extraction wells, and a 4.5 mile pipeline intertie with the
local water districts, began developing the Kern WaterCalifornia Aqueduct.
Bank conjunctive use program in 1985 as a compo-

AgrlculturalDrainagenent of the SWE The proposed KWB program
consisted of eight separate projects or elements. The Much of.the Tulare Lake Region’s agriculturally

California Aqueduct in
foreground with the gates
at the Kern River Intertie,
which was constructed to
allow Kern River
floodwaters to enter the
aqueduct. (In 1995, the
intertle was operated in

reverse under emergency
conditions, to proteet the
aqueduetJ~om overtopping
due to upstream flood
inflows.) The design flow for
the intertie is 3,500
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Advances in well drilling -, ." \
teehnol*gy were key to large-

seal. development of
groundwater in the Central
Valley. This photo show the                  ¯

state of technology circa
1914.

Courte~ of Water Resources Center Archives,

Universiu of Califoraia, Berkeley

rich westside must contend with high groundwaterimprovements associated with USACE’s Pine Flat
tables and drainage problems. Typically, applied irri-Dam. The study is evaluating impacts of original
gation water builds up above semi-impervious clayproject construction, riparian habitatrestoration down-
layers, creating a shallow, unconfined aquifer of gen-stream of the dam, potential operating strategies to
erally poor to unusable quality. Efforts of the Sanminimize lake level fluctuations during spawning pe-
Joaquin Valley Interagency Drainage Program toriods, and temperature control methods for trout
address westside drainage problems are described inpopulations. One component of the study includes a
Chapter 4. new multi-level intake structure for the reservoir, to

better manage downstream river temperatures. USACE
Arroyo Pasajero and is also implementing a related project to install a by-
Other Westside Cross-Drainages pass at the dam’s powerplant so that releases can be

The Department, USBR, and USACE are com- made through the existing penstocks when the tur-
pleting a 5-year feasibility study to identify long-termbines are not in operation. This project will provide
solutions to flooding and sedimentation problemstemperature control for the downstream trout fisher~
threatening the California Aqueduct at its crossing of
Arroyo Pasajero. The SWP’s problems at this uncon-Water Management Options
trolled ephemeral stream are similar to those beingfor the Tulare Lake Region
experienced by others in the area. Arroyo flows during Table 8-16 shows a list of options for the region,
the 1995 flood washed out a bridge on Interstate 5,and the results of an initial screening of the options.
resulting in the deaths of 7 motorists. Long-term so-The retained options were evaluated (Table 8A-3 in
lutions currently under consideration for the SWPAppendix 8A) based on a set of fixed criteria discussed
include a substantial increase in floodwater and sedi-in Chapter 6.
ment storage. The Department is also investigating a
similar problem 20 miles north of Arroyo Pasajero atWater Conservation
the Cantua Creek stream group. These streams present Urban. Urban water demand forecasts for 2020
similar flooding and sedimentation problems for theassume that BMPs are in place; consequently, only
Aqueduct. those urban conservation efforts which exceed BMPs

are considered as options. Urban conservation options
Kings River Fishery Restoration Actions were deferred from evaluation because they provide

Kings River Conservation District and the Kingslittle cost-effective potential to create new water
River Water Association are cooperating with USACEthrough depletion reductions in the Tulare Lake Re-
in a feasibility study of Kings River fishery habitatgion.
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TABLE 8-16

Tulare Lake Region List of Water Management Options

O#~’on Retain Reason for D~erral
or D~er

Conservation

UrbanOutdoor Water Use to 0.8 ET°

Defer No significant depletion reductions attainable.

Indoor Water Use Defer No significant depletion reductions attainable.

Interior CII Water Use Defer No significant depletion reductions attainable.

Distribution System Losses Defer No significant depletion reductions attainable.

Agricultural
Seasonal Application Efficiency Improvements Retain

Flexible Water Delivery Defer Already highly developed; no significant depletion
reductions attainable.

Canal Lining and Piping Defer No additional depletion reductions attainable.

Tailwater Recovery Defer No additional depletion reductions attainable.

Modify Existing Reservoirs/Operations

Enlarge Pine Flat Dam Retain

Enlarge Lake Kaweah (Terminus Dam) Retain

Enlarge Success Lake Defer Being enlarged for flood control, not water supply.

New Reservoirs/Conveyance Facilities

Rodgers Crossing Project Defer Segment of Kings River designated as a special
management area, under the Wild and Scenic
Rivers Act.

Mill Creek Reservoir Defer Cost too high.

Mid-Valley Canal Defer Questionable water supply availability.

Groundwater/Conj tmctlve Use

City of Clovis Expansion of Recharge Facilities Retain

Kaweah River Delta Corridor Defer Minimal yield.
Enhancement Recharge

Kern Water Bank Authority Recharge Facilities Retain

Buena Vista WSD Recharge Retain

Cawelo Water District Recharge Retain

Water Marketing

SLDMWA Internal Reallocation of CVP Supply Retain

Water Recycling
Water recycling options Defer Water recycling options would not generate new

water supply.

Desaltlng

Brackish Groundwater

Agricultural Drainage Defer No present local agency plans.

Seawater
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TABLE 8-16

Tulare Lake Region List of Water Management Options (continued)

Option Retain Reason for Deferral
or Defer

Other Local Options

Statewide Options

-- -- See Chapter 6.

Agricultural The 2020 agricultural water demand Modifying Existing
forecasts assume that EWMPs are in place. As withReservoirs andNew Reservoirs
the urban water management options, only those ag-
ricultural conservation efforts which exceed EWMPs Additional Storage in Kings River Basin. Pine
are considered as options. Flat Dam, completed in 1954, is a USACE flood con-

Improving irrigation scheduling would increasetrol project that also provides supplemental water
SAE to 76 percent, reducing depletions by 7 taf/yr,supply to Kings River Basin water users. In 1974, the
System improvements including pressure regulationKings River Conservation District commissioned a
and filtration and better irrigation scheduling wouldmaster plan to evaluate local solutions to flood control
increase SAE to 78 percent and reduce depletions byand water supply problems. This study identified three
12 taf/yr. To reach 80 percent SAE, conversion to moreprojects to improve storage and regulate Kings River
efficient irrigation systems would be needed, reducingflows. In order of cost-effectiveness, they were enlarge-
depletions by 17 taf/yr. Flexible water delivery is de-ment of Pine Flat Dam, Rodgers Crossing project, and
ferred because existing delivery systems in the regionMill Creek project.
are highly developed, and further improvements would A 1989 USACE reconnaissance study investigated
result in little depletion reduction at a high cost. Ca-Kings River Basin flood control and water supply op-
nal lining is deferred because areas in the region whereportunities. After screening several alternatives,
lining and piping could reduce water depletions (theenlargement of Pine Flat Dam was retained for fur-
west side of the valley) already have such improvements,ther study. A 15-foot increase of gross pool height
Tailwater recovery is not a significant future optionappeared to have the best benefit/cost ratio. This al-
because extensive tailwater recovery already occurs internative would increase the reservoir’s storage capacity
the region, about 92.8 tafand provide an average of 12.7 taf/yr of

Flooding J~om Arroyo
Pasajero spreads out as

shee9%w over the lower
portion of the Arroyo’s

alluvial fan. The Arroyo’s
periodic flooding closes
State Highway 269 and

threatens the integrity of the
California Aqueduct.
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ervoir on Dry Creek with a connecting tunnel to Lake
Westlands Water District Kaweah. Upon further study, only Terminus enlarge-
Distribution System ment was considered feasible due to environmental and

Westlands Water District is the CVP’s largest water cultural impacts of facilities on Dry Creek. Enlarging
contractor. Among Central Valley agricultural water Terminus Dam would involve raising the spillway, in-
districts, WWD is unique both for its size (almost 1,000 creasing flood control storage by about 42 taf. On an
square miles) and for its irrigation distribution system--

average annual basis, the study estimates that in-basinwhich is based entirely on pipelines, rather than open
canals. Altogether the distribution system has over 1,000 irrigation water supply would increase by 8.4 tar
miles of buried pipe, varying in diameter from 10 to 96 through better regulation of flood flows. Congress
inches. The basic design flow rate for each farm delivery authorized enlargement of Terminus Dam in the Wa-
system is 1 cfs per 80 acres, ter Resources DevelopmentAct of 1996. Construction

is tentatively scheduled to begin in 2000 and to be
completed in 2002. The Terminus Dam enlargement

additional average year yield. The major benefit wouldis projected to have a capital cost of about $37 million.
be flood control. The alternative was not economically Additional Storage in Tule River Basin. In re-
feasible at the time. The Rodgers Crossing project, asponse to flood protection problems experienced
proposed reservoir located upstream of Pine Flat Res-~during large storms, Tulare County and the Tule River
ervoir, was rendered infeasible when the damsite wasAssociation requested USACE to consider providing
included in a river segment subsequently designatedadditional storage in the basin by enlarging Success
as wild and scenic. Lake. Success Lake is estimated to provide about a 55-

Mill Creek is a small, uncontrolled, intermittentyear level of protection for the City of Porterville. A
stream tributary to the Kings River below Pine Flat1992 reconnaissance study found that a 10-foot in-
Dam. The creek’s 77,000 acre watershed produces ancrease in gross pool height with a corresponding
average annual runoff of approximately 30 taf. Heavyincreased storage capacity of 28 taf was the preferred
local rainstorm events occasionally result in flows inalternative. The enlargement would provide a 100-year
excess of 10,000 cfs, high enough to cause damagelevel of flood protection and increase irrigation water
along the Kings River channel downstream. In thesupply by 2.8 tafannually. USACE entered into a fea-
1970s, USACE studied the feasibility of constructingsibility cost-sharing agreement with Lower Tule River
a dam on Mill Creek, just upstream of its confluenceID for updating the 1992 study and for preparing an
with the Kings River. The benefits of such a projectEIR/EIS. The draft feasibility study and EIR/EIS are
would include additional flood protection, water con-scheduled to be released in 1998. Since the reservoir
servation, power generation, and recreation. Theenlargements primary purpose is flood control, the
proposed reservoir would have a capacity in excess ofproject is not considered further in this chapter as a
600 taf and would be directly linked with Pine Flatwater supply option.
Reservoir by a tunnel, allowing the reservoirs to be

New Conveyance Facilitiesoperated conjunctively. In wet years, Kings River wa-
ter that would flood agricultural lands in Tulare . The Mid-Valley Canal and the constraints on its
Lakebed could be diverted and stored in MillCreekimplementation were discussed in the San Joaquin
Reservoir. USACE’s studies indicated that the projectRiver Hydrologic Region. The conveyance project is
was not economically viable. ~’ presently not feasible because it has no water supply.

Additional Storage in Kaweah River Basin. Lake
Kaweah is located on the Kaweah River about 20 miles’ Groundwater Development or Conjunctive Use
east of Visalia. Terminus Dam, completed in 1962 by Many water districts and cities in the region use
the USACE, provides flood protection and irrigationexcess surface water allocations, purchased water, and
water supply to downstream users. A draft USACEfloodwater for groundwater recharge. Local distribu-
feasibility report investigated continuing flood controltion systems and CVP and SWP conveyance facilities
problems and water resource needs on the Kaweahcreate opportunities for agencies to exchange and pur-
River and identified three alternative solutions--en-chase surface supplies for groundwater recharge.
large Terminus Dam, construct a flood detention damOpportunities for groundwater recharge or conjunc-
on Dry Creek above Lake Kaweah, or construct ares-tive use projects are limited in some parts of the region,
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such as the west side of the valle)~ because of near-
surface poor quality groundwater.

The City of Clovis has an agreement with Fresno
Irrigation District entitling the city to an average of
14.9 tar of Kings River water and I. 1 tar of Class II
water from Millerton Lake. Currently, the city’s sur-
face water supply is used exclusively for groundwater
recharge. Existing facilities can recharge approximately
7.8 taf/yr. As the city expands into surrounding agri-
cultural lands and acquires additional water supplies,
average annual surface supplies are expected to increase
to 30.1 tafby 2015. With this increase in supply, the
city is developing new recha~[ge ~ites to recharge an
additional 3.5 taf/yr.

Visalia plans to develop new wells as its water needs
grow, estimating that 15 additional wells will be nec-
essary to meet average year water demands in 2020.
Visalia is also working with the Kaweah Delta WaterLooking at the upstream face of Terminus Dam, with the
Conservation District and Tulare County on a Kaweahoutlet works structure in the background.

River Deha corridor study to investigate multiple use
sites for groundwater recharge, floodwater manage-this water is good, once it has been separated from the
ment, and habitat restoration. The study is currentlyoil. The agreement negotiated by Texaco and CWD
in the feasibility stage. The project would include re-made possible the construction of an 8 mile pipeline
charge basins with a storage capacity of about 750 af.to carry as much as 25 taf/yr of this water to the dis-
A demonstration prgject has been proposed to modeltrict. Additionally, Cawelo purchased almost 90 acres
integration of the multiple uses. of land straddling Poso Creek in 1996. The district

Pursuant to Monterey Agreement contract amend-will allow the land to be flooded during high flows to
ments and the transfer of the KFE, KWBA has beenenhance groundwater recharge. Workwill begin shortly
operating about 3,000 acres of recharge basins underon a feasibility study to address the district’s long-term
an emergency CEQA exemption and an interim ESAplans for more recharge facilities.
Section 7 consultation, allowing the authority to re-
charge winter floodwaters. Since May 1995, KWBA Water Marketing

has recharged about 700 taf on behalf of its member As described in Chapter 6, the San Luis and Delta-
agencies. KWBA prepared a 75-year habitat conserva-Mendota Water Authority has negotiated an internal
tion plan/natural community conservation planreallocation of its members’ CVP supplies with USBR.
covering the use of the 20,000-acre property. The HCPUnder this agreement, participating member agencies
sets aside about 10,000 acres for habitat purposes. ESAof SLDMWA may exchange wet year supplies for
listed species found in the project area include the kitdrought year supplies with SCVWD. Westlands Wa-
fox, kangaroo rat, and blunt-nosed leopard lizard,ter District has initiated a short-term buy-back program
KWBA plans to expand the recharge facility to 6,800for its water users who wish to sell their unused alloca-
acres.The cost’for this expansion, including additionaltion or other supply to the district. The buy-back
conveyance structures, is about $30 million, program would be implemented only if WWD had

Buena Vista Water Storage District is planning tonot finalized transfers from other sources to meet its
construct up to 200 acres of additional facilities to storetotal supplemental water needs. Marketing under this
excess Kern River water. The new facilities are esti-program would be intra-regional. WWD is also cur-
mated to cost about $250,000. rently preparing a draft programmatic EIR on

Cawelo Water District recently entered into anpurchasing and transferring up to 200 taf/yr to its ser-
agreement with Texaco Inc. for water generated dur-vice area. Because details on proposed transfers are not
ing oil recovery. A significant amount of water isyet available, this program is not included in the water
trapped in oil bearing zones. The quality of much ofmanagement options evaluation.
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Urban and agricultural
development have
reduced the habitat
availabl~ to the San

Joaquln Valley klt fox,
a listed speeies.

Water Recycling and Desalting ter of poor quali~ The west side of the valley will re-

In the Tulare Lake Region, most urban water useceive the most benefits from irrigation water

occurs on the east side of the SanJoaquin Valley. Waste-conservation practices. These practices could reduce

water produced from urban use is generally rechargeddepletion annually by 17 taf if system upgrades are

to groundwater basins where it reduces groundwateremployed to increase SAEs to 80 percent.

overdraft, or is extracted for other uses. No water recy- The portion of the region’s 2020 water shortage

cling projects in the region qualify as new sources ofattributable to groundwater overdraft is estimated to
be 670 taf. Several plans exist to expand recharge fa-supply from a regional perspective. As discussed in the

San Joaquin River Region section, options for desalt-cilities or to construct new ones.
The region’s local surface supplies have alreadying agricultural drainage water were deferred for the

Tulare Lake Region. been extensively developed and further development
opportunities are limited. Modification of existing fa-

Statewide Options cilities through the enlargement of Lake Kaweah and

Statewide water supply augmentation options arePine Flat Lake could produce about 21 taf/yr of addi-

discussed and quantified in Chapter 6. tional yield for irrigation suppl)~

Options Likely to be Implemented in
the Tulare Lake Region Water Marketing--WaterLink Program

In 1996, an electronic water marketing system wentWater supplies are not available to meet all of the on-line in Wesdands Water District. The WaterLink
region’s 2020 water demands in average or drought system was designed by the University of California
years. Applied water shortages are forecasted to be 720 Berkeley and Davis campuses, the Natural Heritage
taf and 1,851 tar in average and drought years, respec- Institute, and farmers and water district staff. The project

tively. Ranking of retained water management options was funded by a grant from USBR. WaterLink allows
for the Tulare Lake Region is summarized in Table 8- district growers to use their home computers to post

and read bids, access information on average prices and
17. Table 8-18 summarizes options that can likely be trading volumes, and negotiate transactions. WaterLink
implemented by 2020 to relieve the shortages, can also be used to schedule water deliveries and

Improvements in agricultural irrigation demand eventually to obtain water account balances, a feature
management will likely occur over the entire region, that will enable water users to manage their water
although much of the region is already efficient in its supplies more effectively. WaterLink is an intra-net

agricultural water management. Areas where further system, available only to district growers, to allow them
to make internal trades of in-district supplies.

efficiency improvements will have the most effect will
be where agricultural lands overlie shallow groundwa-

¯ OPTIONS - INTERIOR REGION$ 8-52

C--094405
C-094405



The California Water Plan Update BULL£TIN 160-98

TABLE 8-17

Options Ranking for Tulare Lake Region

Optiona                         Rank      Cost ($/a~    Poten~’al Gain (ta~
Average    Drought

Conse~vatlon

Agricultural

Seasonal Application Efficiency Improvements (76%) H I00 7 7

Seasonal Application Efficiency Improvements (78 %) M 250 12 12

Seasonal Application Efficiency Improvements (80%) M 450 17 17

Modify Existing Reservoirs/Operafions

Enlarge Pine Flat Dam H 470 13 b

Enlarge Lake Kaweah (Terminus Dam) FI 370 8 b

Gro tmdwater/Conj tractive Use

City of Clovis Expansion of Recharge Facilities H 280 -- 11

Kern water Bank Authority Recharge Facilities H 60 -- 339

Buena Vista Water Storage District Recharge H 75 -- 29

Cawelo Water District Water Banking Project H 50 -- 13

Water Marketing

SLD!VlWA internal ~eallocation of CVP supply H b 10 --

Statewide Options

See Chapter 6.

a All or parts of the mounts shown for highlighted options have been included in Table 8-18.
b Data not available to quantify.

TABLE 8-18

Options Ukely to be hnplemented by 2020 (taft
Tulare Lake Region

Average Drought

Applied Water Shortage 720 1,851

Options Likely to be Implemented by 2020
Conservation 17 17
Modifi/Existing Reservoirs/Operations 21 --
New Reservoirs/Conveyance Facilities -- --
Groundwater/Conjunctive Use m 392
Water Marketing 10 --
Recycling -- --
Desalting -- --
Other Local Options -- --
Statewide Options 466 387
Expected Reapplication 4 187

Total Potential Gain 518 983

Remaining Applied Water Shortage 202 868
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¯ TABLE 8A-1

~ Options Evaluation Sacramento River Region

~ Evaluation Scores
Option Engineering Economics Environ- Institutional/ Soclal/ Other Overall Rank

mental Legal Thlrd Party Ben~/~ts Score

Modify Existing Reservoirs/Operations

New Reservoirs/Conveyance Fadlities
Dry Creek Reservoir (Lake County) 3 3 2 ] 3 0 12 L
Thurston Lake Pump-Storage Project 2 3 2 2 2 2 13 M
Parks Bar Reservoir (Yuba County) 3 2 2 3 3 4 17 H
Waldo Reservoir (Yuba County) 3 2 2 3 3 4 17 H
Texas Hill Reservoir 3 2 2 2 2 1 12 L
Small Alder Reservoir 3 2 2 2 2 1 12 L
GDPUD Diversion from American River 3 3 3 3 3 0 15 M

Groundwater/Conjunctive Use
~             New Walls (Redding, Butte, and Colusa Basins) 4               4             3               4               3            0          18       " H
~o Big Valley Conjunctive Use 3 4 3 2 3 2 17 H

Other Local Options
New Surface Water Diversion from 3 3 2 2 3 0 13 M
Sacramento River and Cache Creek by
YCFC&WCD
New Surface Water Diversion from Sacramento 3 3 2 2 3 0 13 M
River by Cities of Benicia, Fairfield, and VacaviIie

Statewlde Options
See Chapter 6.



TABLE 8A-2

Options Evaluation San loaquin River Region

Evaluation Scores

Option Engineering Economies Environ- lnstitutional!
Sodal/

Other Overall Rank
mental Legal Third Party Ben~ts Score

Elexible Water Delivery

Canal Lining and Piping                     3 0

Tailwater Recovery 3 4 3 ~, ~ 31 3 1, 17 , H

Modify Existing Reservoirs/Operations

Reoperate Farmington Reservoir               3               3             3               2               3            3          17         H

Enlarge Farmington Reservoir 2 3 3 2 3 3 16 M

New Reservoirs/Conveyance Facilities

Montgomery Reservoir Offstream Storage 3 3 3               2               3        3          17

Fine Gold Creek Offstream Storage 3 2 2 2 3 3 15 M

Irish Hill Reservoir 3 2 2
Middle Bar Reservoir 3 1 1 2 2 2 11 L
Devils Nose Reservoir 3 1 1 2 2 1 10 L

Groundwater/Conjunctive Use

Stockton East WD 3 3 4 2 3 3 18 H

Madera Ranch 3 3 4 2 2 2 16 M

Siatewide Options"    ~ ,I ~      ~    ’~ ;!~ ~         !I’ :~ ~

See Chapter 6.



[] TABLE 8A-3

~ Options Evaluation Tulare Lake Region

~ Evaluation Scores

Option Engineering Economics Environ- Institutlonal/ Soclal/ Other Overall Rank
mental Legal Third Party Benefits Score

Conservation

Agricultural
SAE Improvements (76%) 3 4 3 4 3 1 18 H

SAE Improvements (78%) 3 3 3 3 2 1 15 M

SAE Improvements (80%) 2 3 3 2 2 1 13 M

Modify Existing Reservoirs/Operations

Enlarge Pine Flat Dam 3 3 3 4 3 2 18 H

Enlarge Lake Kaweah (Terminus Dam) 3 3 3 4 3 3 19 H [ ~._

Groundwater/Conjunctive Use I ~’-

City of Clovis Expansion of Recharge Facilities4 3 4 3 4 0 18 H ~

~,, Kern Water Bank Authority Recharge Facilities4 4 3 3 4 0 18 H W

Buena Vista Water Storage District Recharge4 4 3 4 3 0 18 H O~
Cawelo Water District Recharge 4 4 4 4 4 0 20 H ~

Water Marketing I
SCVWD/SLDMWA Reallocation 4 4 4 4 3 0 19 H ~

Statewide Options

See Chapter 6.
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Options for Meeting
Future Water Needs in

Eastern Sierra and Colorado
~ver Regions of California

This
chapter covers the North and Soutb Lahontan Hydrologic

Regions in the eastern Sierra, ~d the Colorado ~ver Hydrologic

Region (Figure 9-1). These sparsely populated regions constitute 33

percent of the State~ land ~ea.

FIGU~ 9-1

Eastern Sierra
~: and Colorado River

,~ ~ ~; ........... Hydrologic Regions

USBR’s Parker

Dam on �~

Colorado River.
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FIGURE 9-2
North Lahontan Hydrologic Region

ReseFvolr ...........
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North Lahontan
Hydrologic Region,

Description of the Area and Truckee areas. The City of South Lake Tahoe and

The North Lahontan Region has two planningTown of Truckee are the largest communities in the

subareas (Figure 9-2), the Lassen Group and the A1-subarea. The Tahoe-Truckee region has many part-time

pine Group. The Lassen Group PSA consists of Lassenresidents and visitors during the summer and.winter

and Modoc Counties. This high desert area is arid,recreational seasons, reflecting the importance of tour-

with relatively flat valley areas adjacent to mountains,ism to the area. Tourism and related recreational

Valley elevations are about 4,000 and 4,500 feet foropportunities are vital to the region’s economy and t6

Honey Lake and Surprise Valleys. The Warner Moun-much of the region’s service-sector employment.

tains, which form the western boundary of Surprise Cattle ranching is the main agricultural land use

Valle)~ range in elevation from about 7,000 to morein the Lassen Group PSA. Irrigated land acreage is small

than 9,000 feet. Annual precipitation ranges from as(less than 4 percent of the region’s land area). Corn-

little as 4 inches in Surprise Valley in Modoc Countymercial crop production is limited because of the short

to over 50 inches in the mountains of the Susan Rivergrowing season. Pasture and alfalfa are the dominant

watershed in Lassen County. The Alpine Group PSAirrigated crops. About 75 percent of the region’s irri-

indudes parts of Sierra, Nevada, Placer, H Dorado,gated land is in Modoc and Lassen Counties, and most

Alpine, and Mono Counties. The subarea includes theof the remainder is in the Carson and Walker River

Truckee, Carson, and Walker River drainages. TheseBasins in Alpine and Mono Counties. Irrigated lands

rivers originate at high elevations on the eastern slopesin the Carson and Walker River Basins are almost ex-

of the Sierras and flow to terminal lakes or desert sinksdusively pasture at elevations above 5,000 feet. Most

in Nevada. Annual precipitation ranges from 8 inchesof the uplands areas are federally owned and managed

in the valleys to more than 70 inches in the Sierraas national forest lands. Table 9-1 shows population

(much of this amount is snow), and crop acreage for the region.

The Lassen Group PSA is rural and sparsely popu-
lated. The City of Susanville is the largest populationWater Demands and Supp|ies
center in the subarea. In the Alpine PSA, more than The water budget for the North Lahontan Region
90 percent of the population lives in the Lake Tahoeis shown in Table 9-2. Agricultural water demands are

generally met with local surface water supplies, when
available. Throughout the northern portions of theTABLE 9-1

Population and Crop Acreage region, runoff is typically scant and stream flow de-
creases rapidly after the snowpack melts in the higher

Popular’on Irrigated Crop Acreage elevations.
(thousands) (thousands of acres) No major changes in North Lahontan Region wa-

1995 84 161 ter use are anticipated within the Bulletin’s planning
2020 125 165 horizon. Irrigated agriculture is constrained by climate
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additional municipal supplies can be met by expand-
ing present surface systems or increasing groundwater
use. Drought year shortages are caused by a reduction
in surface water supplies for agriculture and an increase
in unit crop irrigation requirements for pasture and
alfalfa. No urban water shortages are forecast.

Most of Susanville’s water supply comes from
groundwater and from Cady and Bagwell Springs. The
city has not experienced any water supply shortages
nor does it expect any shortages within the next
20 years.

The Honey Lake Valley Groundwater Basin is an
interstate groundwater basin. The California portion
of the basin is about 45 miles long and 10 to 15 miles

~~ :~°" ’~ wide. Groundwater extracted from the basin is used
mainly for irrigation. Groundwater use in the basin
appears to be near the basin’s perennial yield. A 1987
agreement among the Department, the State of Ne-
vada, and USGS resulted in a study of the groundwater
flow system in eastern Honey Lake Valley. Upon con-
clusion of the study in 1990, the Nevada State Engineer
ruled that only about 13 tafcould be safely transferred
from Nevada’s portion of the basin for proposed new

A majority of the land in the North Lahontan Region is water development for Washoe County in Nevada. The
owned by thef~deralgovernm~nt, managed primarily by Nevada out-of-basin transfer project has not beenUSFS and BLM. Natlonal forest lands provld~ habltat for
many spedes of wildlif~, including some of Cal~fornla’s largerimplemented.
mammals. The 7,840-acre Honey Lake Wildlife Area is on

the north edge of Honey Lake about 20 miles south-
and by economically available water supplies. A smalleast of Susanville. The HLWA consists of intensively
amount of agricultural expansion is expected, but onlymanaged wetlands, cropped fields, and uplands adja-
in areas that can support minor additional groundwa-cent to the 60,000-acre Honey Lake. It provides
ter development. Likewise, the modest need forimportant habitat for migratory waterfowl, sandhill

TABLE 9-2

North Lahontan Region Water Budget (taf)a

1995 2020
Average Drought Average Drought

Water Use
Urban 39 40 50 51
Agricultural 530 584 536 594
Environmental 374 256 374 256
Total 942 880 960 901

Supplies
Surface Water 777 557 759 557
Groundwater 157 187 183 208
Recycled and Desalted 8 8 8 8
Total 942 752 950 773

Shortage                           0                  128                    10                    128
a Water use/supply totals and shortages may not sum due to rounding.
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TABLE 9-3

Major Reservoirs in the Truckee River Basin in California

Reservoir Owner Operator
Usabl~

Construction Height Drainage Area
Storage (taJ) (Feet) (SquareDatea Mil~s)

Tahoe Sierra Pacific Truckee-Carson 744.6 1913 18 506
Power Companyb Irrigation District

Donner Sierra Pacific Sierra Pacific 9.5 1927 14 14
Power Company/ Power Company
Truckee-Carson
Irrigation Dist.

Martis Creekc USACE USACE 20.4 1971 113 40
Prosser Creek USBR USBR 29.8 1962 163 50

Independence Sierra Pacific Sierra Pacific 17.5 1939 31 8
Power Company Power Company

Stampede USBR USBR 226.5 1970 239 136

Boca USBR Washoe County 41.1 1937 116 172
Water Conservation
District

a Date exisdng dam was completed.
b USBR manages the facilities under easement from Sierra Pacific Power Company.
c Flood control storage only.

cranes, and other birds migrating on the Pacific Fly-form the basis of current river operations. The 1944
way. During the irrigation season, most of HLWA’sOrr Ditch Decree established individual water rights
water supply comes from Willow Creek and its tribu-in Nevada and, by incorporating the Truckee River
taries. HLWA has adjudicated water rights,Agreement, provided criteria for operating the federal
administered by the Department, as established in thereservoirs to serve those rights.
1940 Susan River Decree. Groundwater at the refuge Modification of Truckee River operations occurred
is used for crop irrigation, for maintaining wetlandswhen two Pyramid Lake fish species were listed under
water levels, and for domestic purposes, the ESA. Cui-ui, the Indian name for a species of sucker

The Truckee River originates above Lake Tahoe.found only in Pyramid Lake, were listed as an endan-
The river’s flow downstream from Tahoe City is con-gered species in 1967. Lahontan cutthroat trout were
trolled by a small dam on the lake’s outlet. The riverinitially listed as endangered in 1970 and were subse-
flows through northeastern California and northwest-quently reclassified as threatened in 1975. USBR’S
ern Nevada and terminates in Pyramid Lake, locatedStampede Reservoir, constructed in 1970 to serve irri-
within the Pyramid Lake Indian Reservation in Ne-gation and municipal uses, is operated to provide water
vada. Additional Truckee River Basin storage facilitiesfor these fish, as required by a 1982 federal court decl-
are listed in Table 9-3. sion. Proposed changes in Truckee River operations

Most of the water supply developed by Truckeeare described in the following water management is-
River Basin reservoirs is used in Nevada to meet urbansues section.
demands in the Reno/Sparks area, irrigation demands, In the Truckee Basin within California, the urban
and fish and wildlife requirements in the lower Truckeewater use occurs in and around the Town of Truckee,
River in Nevada and in Pyramid Lake. On average,and is supplied by Truckee Donner PUD. TDPUD is
about one-third of the Truckee River’s annual flow isthe largest purveyor in the basin, accounting for about
diverted through the Truckee Canal in Nevada to irri-half of the water delivered to commercial and residen-
gate land in the Carson Division ofUSBR’s Newlandstial customers; its supplies are derived from
Project near Fallon, Nevada. groundwater. The Martis Valley groundwater basin is

Truckee River operations have evolved in responsethe principal source of water supply. The areas of
to litigation, negotiation, court decrees, agreements,Northstar, Squaw Valley, and Glenshire use ground-
and legislation. The 1915 Truckee River General Elec-water from smaller basins or from fractured rock
tric Decree and the 1935 Truckee River Agreementsources. The developed area around Donner Lake is
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USBR’s Stampede Reservoir

is the second largest res~rvolr
in the Truckee River Basin.
Lake Tahoe is the largest
reservoir in the b~in.

Courtesy of U$BR                                       0

served by surface water. Future water demands in the4 miles from another creek to the town’s treatment
Truckee Basin are not expected to exceed theplant.
interstate allocations contained in theTruckee-Carson- In the upper Carson River watershed, water is
Pyramid Lake Water Rights Settlement Act (PLstored in several very small alpine reservoirs originally
101-618), which limits the basin’s annual use to 32 taf..constructed to supply irrigation needs. Much of this

On the California side of the Lake Tahoe Basin,water is still used for irrigation downstream in Ne-
South Tahoe PUD, Tahoe City PUD, and NorthTahoevada. The largest of. the alpine reservoirs is Heenan
PUD account for most ofthewater delivered to urbanLake on Monitor Creek, tributary to the East Fork
users. Water is supplied from the lake and from ground-Carson River, with a capacity of nearly 3 tar. The
water sources. The interstate allocation for California’sCarson River supports a popular recreational trout fish-
Lake Tahoe Basin in PL 101-618 would limit futureery in the upper watershed. DFG has used Heenan
water use in the basin to 23 taf of gross diversions,Lake for raising Lahontan cutthroat trout to stock at
which represents the basin’s estimated future waterother locations throughout the Sierra. DFG currently
needs at its full development. Future development inmanages State-owned lands adjacent to Heenan Lake
the Lake Tahoe Basin is strictly limited by the bistateand has arranged to purchase water on an annual basis
Tahoe Regional PlanningAgency to protect the basin’sto maintain a minimum reservoir pool for fish rearing.
environmental quality. In both the Truckee and Tahoe Two special-purpose reservoirs were constructed
Basins, water use for snowmaking at the areas ski re-in the upper Carson watershed to receive treated waste-
sorts has been addressed in the interstate allocations,water effluent exported from SouthTahoe PUD in the

Urban development in the Carson and WalkerLake Tahoe Basin. (Disposal of treated wastewater
River Basins is minimal and is clustered around thewithin the Lake Tahoe Basin was banned to help pro-
towns of Markleeville in Alpine County and Bridge-tect the lake’s clarity.) Beginning in the 1960s,
port in Mono County. More than 90 percent of thewastewater effluent was delivered to Indian Creek Res-
watershed on the California side is federally owned,ervoir for subsequent release to agricultural users as a
primarily under the management of the Toiyabe Na-supplemental irrigation supply In 1989, exports (about
tional Forest. Groundwater is the source of supply for5 taf/yr) were redirected to Harvey Place Reservoir.
individual users and small community systems locatedIndian Creek Reservoir is now used for freshwater rec-
in valley areas. In the upper watershed, communitiesreation.
may lack suitable sites to locate wells and therefore In addition to several small reservoirs in the upper
must depend on surface water sources. The Town ofwatershed, the Walker River watershed has two large
Markleeville depends on surface water and experiencedreservoirs Topaz Reservoir (an offstream storage fa-
a water shortage in 1989 when the stream that sup-cility on the West Walker) and Bridgeport Reservoir
plies the community went dry. Water had to be pipedon the East Walker. Both of the large reservoirs were
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built by Walker River Irrigation District to sustain sum-law by others--not all existing water uses are necessar-
mer irrigation flows in its service area downstream inily covered in the decrees. PL 101-618 established an
Nevada. WRID holds California water rights to storeinterstate allocation in the Carson River Basin; the Cali-
57.6 taf of West Walker water, plus 200 af of localfornia allocation corresponds to existing water uses.
inflow, in Topaz Reservoir. W’RID can store up to 39.7
taf in Bridgeport Reservoir. SWRCB has established

Local Water Resourcesinstream flow and minimum reservoir pool require-
ments at Bridgeport, in response to fish kills that

Management Issues

occurred during the last drought. Both reservoirs are
popular local recreational destinations. Truckee River Operat~’ngAgreement

Part of the East Fork Carson River--approximately Negotiation of a proposed Truckee River Operat-
10 miles from the town of Markleeville to the Califor- ing Agreement and preparation of its draft EIR/EIS
nia/Nevada state line--has been added to thehave been the major water management activities in
California wild and scenic river system. On the Westthe region. A new operating agreement for the Truckee
Walker River, approximately 37 river miles have alsoRiver is required by PL 101-618. Negotiation of a pro-
been given State designation. The designated reach isposed TROA and preparation of an EIR/EIS for the
from Tower Lake at the headwaters downstream to theTROA began in 1991. The draft EIR/EIS was released
confluence with Rock Creek, and about 1 mile offor public review in 1998 and is expected to be com-
Leavitt Creek. pleted in 1999.

As occurred in the Truckee River Basin, water right PL 101-618 settled years of disputes over Truckee
disputes in the Carson and Walker River Basins wereand Carson River waters by making an interstate allo-
settled with federal court decrees. The 1980 Alpinecation between California and Nevada. It also settled
Decree on the Carson River and the 1936 Decree C-certain tribal water right claims and provided for wa-
125 on the Walker River control most river operations,ter supplies for specified environmental purposes in
The decreeF established surface water rights, includ-Nevada. The act allocated 23 tar annually to Califor-
ing reservoir storage rights, of water users in bothnia in the Lake Tahoe Basin and 32 taf annually in the
California and Nevada. However, the decrees onlyTruckee River Basin below Lake Tahoe. The act allo-
quantify individual water rights of parties to the liri-cared water corresponding to existing Carson River
gation and did not address rights perfected under stateBasin water uses to California. The remainder of the

USBR’s Prosser Creek

Reservoir is one of the
Truckee River system

reservoirs whose operation
would be covered

by the TROA.
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Truckee and Carson River. supply was allocated totrout) may riot be able to survive in the lake. To main-
Nevada. tain lake salinity at the current level, about 33 taf/yr

When executed, the TROA would establish rivermore inflow is needed. Even with a stable lake level,
operations procedures to meet water rights on thesalinity will slowly increase because Walker Lake has
Truckee River and to enhance spawning flows in theno natural outlet. A solution to Walker Lake problems
lowerTruckee River for cui-ui and Lahontan cutthroatcould affect water users in California and Nevada.
trout. TROA would provide for management of water Potential tribal water rights claims on the Nevada side
within the Truckee Basin in California, includingof the basin could also affect existing water users.
instream flow requirements and reservoir storage for
fishery and recreation uses, and would include proce-Lake Tahoe
dures for coordinating releases and exchanges of water Lake Tahoe’s clarity has been declining as increas-
among the watershed’s reservoirs. TROA would be-ing development around the shoreline increases the
come the exclusive federal regulation governing releasessediment load and nutrients reaching the lake. Nutri-
of water stored in Lake Tahoe, Martis Creek, Prosserents, such as nitrogen and phosphorous used in lawn
Creek, Stampede, and Boca Reservoirs. The agreementor golf course fertilizers, can enter the lake in the form
would provide an accounting procedure for surface andof storm water runoff. Nutrients promote growth of
groundwater diversions in California’s part of thealgae, reducing clarity. Clarity of lakes is measured by
Truckee Basin and would establish criteria to mini-the depth to which a Secchi disk, a small plastic disk
mize short-term reductions in river flow potentiallyof specific size, is visible. In the late 1960s, averagecaused by future well construction near the river. Secchi disk visibility in Lake Tahoe was about 100 feet.

In 1993, an agreement was signed by Sierra Pa-Now the figure is closer to 70 feet.
cific Power Company, Washoe County Water Programs to manage LakeTahoe water quality by
Conservation District, and Sierra Valley Water Com-regulating development and preventing pollutants from
pany settling a dispute about when the water companyreaching the lake are being implemented at the fed-
was required to stop diverting water from the Littleeral, state, and local levels. The Tahoe Regional
Truckee River. This agreement, which resolves disputesPlanning Agency, a bistate agency created by Congress,
that had often occurred during droughts, is being in-sets regional environmental standards, issues land use
corporated into the proposed TROA. permits (including conditions to protect water qual-

Walker River ity), and takes enforcement actions throughout the
basin. TRPA~s regional plan provides for achievement

Recent activities in the Walker River Basin haveand maintenance of environmental targets by manag-
focused on the declining level of Walker Lake in Ne-ing growth and development. In addition to its
vada and the resulting impact on the lake’s fisher~regulatory activities, TRPA carries out a capital im-
Because Walker Lake is a terminal sink, salts accumu-provement program to repair environmental damage
late as the lake water evaporates. Declining lake levelsdone before its regional plan was adopted. TRPA has
have resulted in most Great Basin terminal sinks be-identified nearly $500 million in capital improvements
ing too saline to support fisheries. Walker Lake is oneneeded to achieve environmental targets. Federal, state,
of three terminal lakes in Nevada that support fish life.and local governments have invested nearly $90 mil-
The water level at Walker Lake has declined from anlion in erosion control, storm water drainage, stream
elevation of about 4,080 feet in 1882 to 3,944 feet inzone restoration, public transit, and other capital
1994~ saliniW has increased during the same periodprojects. Over 70 percent of the land in the Tahoe Basin
from about 2,500 mg/L TDS to 13,300 mg/L TDS. is controlled by the USFS’s Lake Tahoe Basin Man-

in most years~ Wal ,ker River is the primary sourceagement Unit. The LTBMU has implemented a
’of inflow t6 Walker Lake. Flow iri the river comes from watershedrestoration program and a land acquisition
runoff in the Sierra in "California. Upstream agricul-program to prevent development of sensitive private
tural diversion~ have contributed to reduced inflows,lands.
resulting ifi a declining lake level and increased lake In recent years, federal and state agencies have in-
salinity. I£the tre.nd continties, the Lahontan cutthroatcreased funding to protect the environment of Lake
arid the tui chub (an important food source for the.Tahoe. The State of Nevada approved a $20 million
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bond measure to perform erosion control and otherter at 60 percent of that of all commodities produced
measures on the east side of the lake. In California,in the foothills and mountains of the Sierra Nevada.
Proposition 204 provides $10 million in bond funds
for land acquisition and programs to control soil ero-January 1997 Flood Event
sion, restore watersheds, and preserve environmentally The January 1997 flood was among the most sig-
sensitive lands, nificant floods on record in the North Lahontan

Leviathan Mine Region. Lake Tahoe recorded its highest level since
1917 at an elevation of 6,229.39 feet. This elevation

Leviathan Mine, an abandoned sulfur mine locatedwas the lake’s highest since the 1935 Truckee River
in Alpine County, is one of the most significant aban-Agreement, which limited the operating range of Lake
doned mine sites in the region. From 1863 to 1952,Tahoe’s surface elevation to between 6,223.0 feet (its
operations at the site involved tunnel mining. Later,natural rim) and 6,229.1 feet. Flood damage occurred
the site was converted to an open-pit operation. Un-along the Truckee’s channel immediately downstream
der this operation, tailings and overburden materialfrom the lake, although the greatest economic dam-
were placed in (or washed into) streams, creating wa-ages occurred in the Reno-Sparks area. In California,
ter pollution problems with acid mine drainage andflooding in downtown Truckee caused the closure of
metals. The mine was ultimately abandoned, leavingmajor highways. Downstream from Truckee, the river
an open pit, waste and spoil areas, and surface waterwashed away Floriston Dam, a diversion dam used by
drainage and erosion problems. Neither the owner norSierra Pacific Power Company to divert water to its
the county had the resources to clean up the site. run-of-river hydroelectric plant at Farad.

In 1980, SWRCB approved a pollution abatement Stream flows along the Carson and Walker River
project for Leviathan Mine. The remediation projectsystems exceeded previous flood records. Flows along
included channeling Leviathan Creek, filling and re-the East Fork Carson River at Markleeville and West
grading the mine pit, excavating and regrading theFork Carson River at Woodfords peaked at 21,000 cfs
waste dump, creating onsite evaporation ponds, regrad-and 8,000 cfs, respectively, considerably above the
ing the spoil areas, and improving drainage. The Staterecord peak flows attained in 1963 and in excess of a
acquired the site in 1983 and the project was corn-100-year floodevent for these reaches ofthe river. The
pleted in 1985. Although the project reduced theEast Walker River near Bridgeport and West Walker
amount of acid mine drainage reaching the creek, con-River near Coleville peaked at 1,8 I0 cfs and 6,220 cfs,
tamination problems still occur today from pondrespectively, also above previously record flows. In
overflows, acidic springs, seepage, and erosion. TheMono Count~ about 8 miles of U.S. Highway 395
RWQCB is currently involved in activities to furtherwere washed out, isolating the communities of Coleville
reduce the pollution, and Walker. At the lower mouth of the Walker Can-

yon, homes and properties in the community of Walker
Sierra Nevada Ecosystem Project were damaged when the West Walker River spilled its

The Sierra Nevada Ecosystem Project was an as-banks.
sessment of forests, key watersheds, and significant
natural areas on federal lands. In 1996, the University
of California released its Sierra Nevada Ecosystern Study, lNater I~lanagement Options

the result of a three year, congressionally-mandatedfor the North Lahontan I~egion

study of the’ entire Sierra Nevada, with primary era- Table 9-4 shows a list of options for the region,
phasis on gathering and analyzing data to assistand the results of an initial screening of the options.
Congress in future management of the mountain range.The retained options were evaluated (Table 9A- 1 in
The study stated that "excluding the hard-to-quantifyAppendix 9A) based on a set of fixed criteria discussed
public good value of flood control and reservoir-basedin Chapter 6. Potential options to augment water sup-
recreation, the hydroelectric generating, irrigation, andplies during drought conditions are water conservation,
urban use values of water are far greater than the com-groundwater pumping, and reservoir construction.
bined value of all other commodities produced in theLand is idled during droughts if water is not available.
Sierra Nevada." The report estimated the value ofwa-In Mono County, cutbacks in surface water deliveries
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TABLE 9-4
North Lahontan Region List of Water Management Options

Option Retain Reason for Deferral
or Defer

Conservation
Urban

Outdoor Water Use to 0.8 ETo Retain

Indoor Water Use Retain

Interior CII Water Use Defer No significant depletion reductions attainable.

Distribution System Losses Defer No significant depletion reductions attainable.

Seasonal Application Efficiency Improvements Defer No significant depletion reductions attainable.
Flexible Water Delivery Defer No significant depletion reductions attainable.
Canal Lining and Piping Defer No significant depletion reductions attainable.
Tailwater Recovery Defer No significant depletion reductions attainable.

Modifying Existing Reservoirs/Operations

New Reservolrs/Conveyance Facilities
Petes Valley Reservoir Defer High costs.
Willard Creek Reservoir Defer High costs.

Goat Mountain Reservoir Defer High costs.
Crazy Harry Gulch Reservoir Defer High costs.
Honey Lake Dike and Reservoir Defer Water quality inadequate for agriculture. Very low

yields with large estimated capital costs.

Long Valley Creek Reservoir Defer Very little firm yield.
Hope Valley Reservoir Defer High costs.
Leavitt Meadows Reservoir Defer Site is located on the West Walker River, upstream

of a reach designated as wild and scenic. Also
subject to interstate water issues with Nevada.

Pickle Meadow Reservoir Defer Same concerns as Leavitt Meadows site.
Roolane Reservoir Defer Same concerns as Leavitt Meadows site.

Mountain Lakes Reservoir Defer Same concerns as Leavitt Meadows site.

Groundwater/Conj unctive Use
Agricultural Groundwater Development Retain
Eastside Warner Mountain Recharge Defer DFG concerns about potential wildlife impacts

have diminished local interest in a pilot program
and/or reconnaissance levd planning study.

Water Marketing

Water Recycling
Water recycling options Defer Water recycling options would not generate new

water supply in this region.
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TABLE 9-4

North Lahontan Region List of Water Management Options (continued)

Option Retain Reason for Deferral
or Defer

Desalting
Brackish Groundwater

Seawater

Other Local Options

Statewide Options

during the recent drought resulted in pasture not be-project costs indicates that the reservoirs were not eco-
ing irrigated, nomically feasible for agricultural water users in the region.

In the late 1950s and early 1960s, the Depart-
Water Conservation ment examined potential reservoir sites in Mono

Urban. Urban water demand forecasts for 2020 County that could serve agricultural lands in Califor-
assume that BMPs are in place; consequentl~ onlynia. USBR, USGS, NRCS, and WRID have studied
those urban conservation efforts which exceed BMPsthese and other potential sites in California that could
are considered as options. Urban conservation optionsprovide water for Nevada uses. Projects that serve Ne-

in this region provide little potential for depletion re-vada only are not included as options. The four

ductions. Reducing outdoor water use to 0.8 ETo inpotential sites in Mono County located on the West
Walker River have similar economic constraints as thenew and existing development would only conserve

about I tar/yr. Likewise, reducing indoor water use tosites in Lassen County. They are also subject to interstate

55 gpcd would conserve about 1 taf/yr, water rights concerns.
AgrleulturaL The 2020 agricultural water demand

forecasts assume that EWMPs are in place. As withGroundwater Development
or Conjunctive Usethe urban water management options, only those ag-

ricultural conservation efforts which exceed EWMPs Although groundwater is available in the larger
are considered as options. The efficiency of border ir-valleys used for irrigated agriculture, water needs are
rigation systems used for alfalfa and pasture can beusually met from surface water. Groundwater cannot
improved through leveling fields and better managingbe economically used to replace surface water uses be-
applications. No significant depletion reductions arecause of pumping costs.
expected in the region, however, since most alfalfa it- Modoc County Resource Conservation District
rigation occurs in Honey Lake Valley where excessinvestigated groundwater recharge on six creeks which
applied irrigation water recharges the groundwater basin, drain the east slopes of the Warner Mountains in Sur-

prise Valley. This project would recharge the alluvial
New Reservoirs or Conveyance Facilities fans using existing stream channels or constructed re-

In 1992, the Department investigated six potentialcharge facilities. Experimental construction of recharge
reservoir sites in Lassen County that could provide up toareas on one or two of the creeks was proposed, but
20 taf of storage. Sites were located on the Susan River,potential environmental impacts and lack of funding
Willow Creek, and Long Valley Creek. An analysis ofprevented implementation. This option was deferred.
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Options Likely to be Implemented
in the North Lahontan Region            summarized in Table 9-5. Table 9-6 summarizes op-

Water supplies are not available to meet all of tions that can likely be implemented by 2020 to relieve
the region’s 2020 water demands in average or the shortages.
drought years. Applied water shortages are forecasted Although groundwater could be developed to help
to be 10 tar and 128 tafin average and drought meet drought year water needs, it is not ranked highly
years, respectivel)~ Ranking of retained water man- due to its cost. During droughts, pasture irrigation will
agement options for the North Lahontan Region is probably continue to be curtailed.

TABLE 9-5

Options Ranking for North Lahontan Region

Option                   Rank    Cost ($/a~9 Potential Gain (ta,~)
Average    Drought

Conservation

Urban
Outdoor Water Use to 0.8 ETo- New and Existing DevelopmentM a 1 1
Indoor Water Use (55 gpcd) M 600 1 1

Groundwater/Conjunctive Use
Agricultural Groundwater Development M a a a

a Data not available to quantify.

TABLE 9-6

Options Most Likely to be Implemented by 2020 (taf)

North Lahontan Region

Average Drought

Applied Water Shortagea 10 128

Options Likely to be Implemented by 2020
Conservation -- --
Modify Existing Reservoirs/Operations -- --
New Reservoirs/Conveyance Facilities -- --
Groundwater/Conjunctive Use -- --
Water Marketing -- --
Recycling -- --
Desalting -- --
Other Local Options -- --
Statewide Options -- --
Expected Reapplication -- --

Remaining Applied Water Shortage 10 128
a Majority of shortages in this region are agricultural.
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FIGURE 9-5
South Lahontan Hydrologic Region
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South Lahontan
Hydrologic Region

Description of the Area sins and many desert valleys containing central playas,
or dry lakes. Major waterbodies in the region are, from

The South Lahontan Region encompasses the areanorth to south, Mono Lake, Owens River, and Mojave
from the drainage divide between the Walker RiverRiver. The Amargosa River contains water only dur-
and Mono Lake Basin to the divide south of the Mojaveing rare flash floods. Floodwaters in the Amargosa River
River (Figure 9-3). The region is bordered on the eastwould eventually flow south to a sink area at the Silver
by the Nevada stateline and on the west by the crest ofLake and Soda Lake Playas. This sink area is also the
the southern Sierra Nevada and San Gabriel Moun-terminus of the Mojave River, which flows eastward
rains. The region includes all oflnyo County and partsfrom its headwaters in the San Bernardino Mountains
of Mono, San Bernardino, Kern, and Los Angelesacross the Mojave Desert to the playa lakes. Average
Counties. Prominent geographic features of the regionannual precipitation for the region’s valleys ranges be-
are Owens Valley and Death Valley The region con-tween 4 and 10 inches. Death Valley receives only
tains the highest and lowest points in the lower 481.9 inches annually. The Sierra Nevada can receive up
states Mount Whitney (elevation 14,495 feet) andto 50 inches annually, much of it in the form of snow.
Death Valley (elevation 282 feet below mean sea level).In some years, the community of Mammoth Lakes can

The region includes several closed drainage ba-have snow accumulations of more than 10 feet.

TheJoshua Tree,
a member of

the yueea family,
is endemic to the
Mojave Desert.
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Although sparsely populated, the region contains TABLE 9-7
some rapidly growing urban areas, including the Cit- Population and Crop Acreage
ies of Lancaster and Palmdale in Antelope Valley (Los
Angeles County) and the Cities 0fVictorville, Hesperia, Population Irrigated Crop Acreage

and Apple Valley in San Bernardino County. Many (thousands) (thousands of acres)

residents in these areas have chosen a long commute 1995 713 61
to the greater Los Angeles area in exchange for afford- 2020 2,019 45

able housing. Future population growth in the region
is expected to be concentrated in communities within Major perennial waterbodies in the region are
commuting distance of the Los Angeles area. Bishop,Mono Lake and Owens River. Since relatively little
Ridgecrest, and Barstow are other population centerssurface water is available in the rest of the region, the
in the region. The economies of these and other smallregion’s environmental water use is concentrated in the
towns in the eastern part of the region are tied to theMono Lake-Owens Valley corridor. The major envi-
region’s military facilities and other governmental era-ronmental water use requirements are associated with
ployers, and to providing services for travelers and tourists,maintenance of Mono Lake levels and fishery instream

Public lands constitute about 75 percent of theflow requirements for the Owens River system. DFG
region’s area, providing a major recreational resource.operates four fish hatcheries in the Mono-Owens area:
Popular destinations in the region include the MonoMt. Whitney, Big Springs, Hot Creek, and Black Rock
Lake area, June Lakes and Mammoth Lakes, InyoHatcheries.
National Forest, Death Valley National Monument, The largest surface water development in the re-
and the recently created Mojave National Preserve.gion is the Los Angeles Aqueduct and its associated
Only about 1 percent of the region’s land is used forfacilities, described in the following section. There are
urban and agricultural purposes. Most of the irrigatedalso a few relatively small, high-elevation dams oper-
acreage, primarily alfalfa and pasture, is in theated by Southern California Edison for
Mono-Owens PSA. (This PSA includes Owens Val-nonconsumptive hydropower purposes. These dams
ley, the Lake Crowley area northwest of Bishop, anddo not provide water supply for the region. SWP’s
Hammil and Fish Lake Valleys.) Some deciduous or-75 tafLake Silverwood on the East Branch of the Call-
chard acreage is found in the western part of the region,fornia Aqueduct regulates and stores imported water.
Table 9-7 shows population and crop acreage for the
region.

Water Demands and Supplies

The water budget for the South Lahontan Re-
gion is shown in Table 9-8. Increased environmental
water demands from recently settled court actions in-
volving LADWP’s water diversions from the Owens
Valley and Mono Lake are reflected in the base water
budget. A pending order issued by an air pollution
control district in 1997 could increase environmental
water demands in the region. This increase is not in-
cluded in the water budget because final action has
not yet been taken (see the local water resources man-
agement issues section).

Los Angeles Aqueduct

The Los Angeles Aqueduct is the region’s major
water development feature, although it does not serve
water to the region. In 1913, the first pipeline of LAA
was completed and began conveying water from Owens
Valley to the City of Los Angeles. The aqueduct was

The Owens Riv~ with the Sirra N~vada in the background, extended north of the Mono Basin and diversions be-
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TABLE 9-8

South Lahontan Region Water Budget (taf)a

1995 2020

Average Drought Average Drought
Water Use

Urban 238 238 619 619
Agricultural 332 332 257 257
Environmental 107 81 107 81
Total 676 651 983 957

~ Supplies
Surface Water 322 259 437 326
Groundwater 239 273 248 296
Recycled and Desalted 27 27 27 27
Total 587 559 712 649

Shortage 89 92 270 308
a Water use/supply totals and shortages may not sum due to rounding.

gan in 1940. A second pipelin.e was completed in 1970,r,eservoirs are located in the South Lahontan Region.
increasing the aqueduct’s annual delivery capacity toBouquet and Los Angeles Reservoirs are in the South
about 550 taf/yr. Both aqueducts terminate at the 10Coast Region.
tafLos Angeles Reservoir in the South Coast Region. Water from both aqueducts passes through 12
The first aqueduct begins at the intake on Lee Viningpowerplants on its way to Los Angeles. The annual
Creek and the second begins at Haiwee Reservoir. energy generated is over 1 billion kWh, enough to sup-

There are eight reservoirs in the LAA system with ply the needs of 220,000 homes.
a combined storage capacity of about 323 taf (Table
9-9). These reservoirs were constructed to store andState Water Project

regulate flows in the aqueduct. The northernmost res- The East Branch of ~he California Aqueduct fol-
ervoir is Grant Lake in Mono County. Six of the eightlows the northern edge of the San Gabriel Mountains,

bringing imported water to Silverwood Lake. Table 9-
10 shows SWP contractors in the region and theirTABLE 9-9
contractual entitlements.Los Angeles Aqueduct System Reservoirs

Antelope Valley-East Kern Water Agency; the larg-
Reservoir Capacity (tasO �ounty est SWP contractor in the region, serves 5 major and

Grant 47 Mono 16 small municipal agencies, as well as Edwards AFB,
Crowley 183 Mono Palmdale Air Force Plant 42, and U.S. Borax and
Pleasant Valley 3 Inyo Chemical Facilities. AVEK was formed to bring im-
Tinemaha 6 Inyo ported water into the area.
Haiwee 39 Inyo Mojave Water Agency was created in 1960 in re-Fairmont 0.5 Los Angeles
Bouquet 34 Los Angeles sponse to declining groundwater levels in the area.
LosAngeles 10 Los Angeles Communities within MWA’s boundaries have no

source of supply other than groundwater. Communi-

TABLE 9-10

SWP Contractors in the South Lahontan Region

Contractor Annual En~tlement (taj9 1995 Ddiveries (ta29

Antelope Valley-East Kern WA 138.4 47.3
Crestline-Lake Arrowhead WA 5.8 0.4
Litrlerock Creek ID 2.3 0.5
Mojave WA 75.8 8.7
Palmdale WD 17.3 7.0
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ties served by MWA include Barstow, Apple Valley; Local Surface Water Supplies
Hesperia, and Victorville. While most of MWA’s ser- The Mammoth Community Water District sup-
vice area is within the South Lahontan Region, theplies the town of Mammoth Lakes, located at the
service area extends into the Colorado River Hydro-northern end of the region. About 70 percent of
logic Region (the Lucerne and Johnson Valleys andMCWD’s supply comes from Lake Mar~ the largest
the Morongo Basin). Part ofMWA’s SWP entitlement of a number of small alpine lakes in the Mono Lakes
(7.3 tar) is allocated to that area. Basin. At present, the remainder of MCWD’s supply

MWA has taken little of its SWP entidement to comes from groundwater. Although MCWD serves a
date, due to lack of conveyance facilities. In 1994,permanent population of only about 5,000 people, its
MWA completed its Morongo Basin pipeline, a 71-average daily population is about 13,000, with peak
mile pipeline with a capacity of 100 cfs from the SWP’sweekends and holiday periods reaching 30,000 people
East Branch to the Mojave River (7 miles) and thenper da3~ These wide fluctuations in service levels above
20 cfs to Morongo Basin and JohnsonValley. This pipe-the base population are typical of the recreational and
line allows MWA to bring SWP water into part of its resort communities in the area.
large (almost 5,000 square miles) service area. In 1997, Although the Mojave River appears on maps as a
MWA began construction of its 71-mile Mojave Rivermajor waterway in the region, it is an ephemeral stream
Pipeline (94 cfs capacity) to bring imported water tofor much of its length. Local communities extract
Barstow and neighboring cities. The E1 Mirage Aque-groundwater, which is recharged by river flows, but
duct is the next proposed addition to its distributiondo not direcdy divert significant amounts of surface
system. The aqueduct would deliver approximately 4water from the river. There is one dam on the Mojave
tar of imported water annually from the East BranchRiver at the base of the San Bernardino Mountains--
to the westernmost subarea of the Mojave River BasinMojave River Forks Dam, a 90 tar USACE flood
near H Mirage. Imported water would be used to re-control facility.
charge the areas overdrafted groundwater basin. The 3.5 tar capacity Littlerock Reservoir provides

In 1997, MWA and Berrenda Mesa Water Dis- water supply to Littlerock Creek Irrigation District and
trict (a member agency of KCWA) concluded the to Palmdale Water District. PWD funded most of a
permanent transfer of 25 tat: of SWP annual entitle-recent seismic rehabilitation of the 1924-vintage dam
ment, thereby increasing MWA’s total annualin exchange for control ofthe water supply for 50 years.
entitlement to 75.8 tar. Water from Littlerock Reservoir may be released into

a ditch that conveys flows to PWD’s Lake Palmdale, a
4.2 tafstorage reservoir.

In the San Bernardino Mountains, Lake Arrow-
head, owned by the Arrowhead Lake Association, is a
48 taf reservoir providing recreational opportunities
and water supply for lakeshore residents.

Groundwater Supplies

Historically the South Lahontan Region has re-
lied mostly on groundwater, which is the only:water
supply available in most parts of the region. Ground-
water basin capacities in the Mojave River and Antelope
Valley PSAs, for example, total about 70 maf each.
(Economically usable storage is significantly less than
this amount.) Water quality influences groundwater
use. Some areas in the Mono-Owens area have highly
mineralized groundwater due to geothermal activit)~
while saline groundwater is not uncommon in areasLittleroek Reservoir is one of the few su~ace water storage

fasillties in the ~lojave Desert area. The ori~nal dam at this
near playa lakes.

site was a raulti-areh eonerete arueture. Thisphoto shows the The Mojave River groundwater basin is a large
dam after its seismic rehabilitau’on, alluvial formation in the Mojave Desert, the only local
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Su~eace water ~s found in
most desert waterways only
aider inj~equant stomns. If

~eal ~oundwat~ resources
are not su~ei~t m supply

an area~ need, wat~ m~t
be impomed m au~t ~eal

~ppl~es. ~ phom shows
the Mojave Rivw bed at

Red Rock Canyon.

water source for residents in the western third of Sanern Kern Counties. It provides most of the local water
Bernardino County (part of the basin is in the Colo-supplies to users in the high desert from the San Gabriel
rado River Region). The Mojave River andMountains to the Sierras, including Edwards Air Force
groundwater basin act as one water source, with theBase. Agricultural pumping from the basin has declined
river recharging the basin and groundwater discharg-for several decades while urban extraction has increased
ing in several places to provide surface flows in thedue to rapid population growth.
river. The basin is divided into subareas at
hydrogeologic boundaries including the Helendale andLocal Water Resources
Waterman Faults. The operational storage capacity ofManagement Issues
the basin is about 4.9 mar; currently there is about

Owens Valley Area3.0 mafofwater in storage. The basin has experienced
declining groundwater levels due to overextractions (see In 1972, Inyo County filed suit against the City
Mojave River adjudication section), of Los Angeles, claiming that increased groundwater

The Antelope Valley groundwater basin underliespumping for the second aqueduct was harming the
the closed drainage in the westernmost part of theOwens Valley environment. Inyo County asked that
Mojave Desert in northern Los Angeles and southeast-LADWP’s groundwater pumping be analyzed in an

Searles Lake
The Mojave Desert has numerous playa lakes, dry or lakes in the Mojave Desert, filling Searles Lake to a depth

semi-dry lakebeds that occupy topographic low points in of over 600 feet. Long-term deposition of evaporates in the
closed drainage basins. Playa lakes contain surface water lakebed created thick layers of salts and borate minerals.
only briefly after the region’s infrequent rains. There These deposits have been the basis of extensive mining
may; however, be high groundwater levels immediately operations at the lake, estimated to have produced more
beneath an apparently dry lakebed. Groundwater found than $1 billion worth of mineral commodities.
near these lakebeds is usually too mineralized for most Borax mining at the lakebed began as early as 1874.
beneficial uses, have been concentrated in Current mining techniques entail pumping brines frombecausesalts

lakebed deposits during evaporation of the surface lakebed sediments and processing them at onsite chemical
waters. Seatles Lake in northwestern San Bernardino plants to produce commodities such as sodium carbonate,
County is an example of an extremely mineralized playa sodium borate, and sodium sulfate. These chemicals are
lake. used in the manufacture of drugs, dyes, glass, glazes, paper,

Within geologic time, California’s climate was much soap, detergent, ename!, chemical products, abrasives,
wetter than it is today. During the late Quaternary additives, fire retardants, and metalgasoline alloys.
Period, the Owens River flowed into several (now dry)
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EIR. LADWP prepared an EIR in 1976 and another with federal air quality standards. The plan hinges or~
in 1979, both of which the Third District Court offinal approval from the Los Angeles City Council, the
Appeals found inadequate. In 1983, Inyo County andAPCD’s board, and the State Air Resources Board. The
LADWP decided to work together to develop an HRagreement also requires EPA to grant a 5-year exten-
andwater management plan to settle the litigation, sion of Clean Air Act requirements that direct states

- A third EIR was prepared jointly by LADWP a~.d to abate particulate pollution by 2001 or seek an ex-
Inyo County and released in 199.0. In 1991, both par-tension until 2006.
ties executed a long-term .water management agreement
delineating how groundwater pumping and surfaceMono Basin

water diversions would be managed to avoid signifi- Mono Lake, located east of Yosemite National Park
cant decreases in vegetation, water-dependentat the base of the eastern Sierra Nevada, is the second
recreational uses and wildlife habitat. Several entities olargest lake completely within California. It is recog-
challenged the adequacy of the EIR and in 1993 werenized as a valuable environmental resource. The lake
granted amici curiae status by the Court of Appeals,is famous for its tufa towers and spires, structures
allowing them to enter in the EIR review process. Anformed by years of mineral deposition by its saline
agreement was subsequently executed in 1997, end-waters. The lake has no outlet. There are two islands
ing 25 years of litigation between Los Angeles and Inyoin the lake that provide a protected breeding area for
County. large colonies of California gulls and a haven for mi-

LADWP and Inyo County have begun discussionsgrating waterfowl.
on how to implement provisions of the agreements Much of the water flowing into Mono Lake comes
and EIR. Timelines for many provisions have alreadyfrom snowmelt runoff. Since 1941, LADWP has di-
been developed and plans for major activities such asverted water from Lee Vining, Walker, Parker, and Rush
rewatering the Lower Owens River are under review. Creeks into tunnels and pipelines that carry the water

Surface water diversions for Owens Valley agri- to the Owens Valley drainage. There it is conveyed,
culture from the Owens River began in the 1800s.Thetogether with Owens River flows, to Los Angeles via
Los Angeles Aqueduct was completed in 1913. Owensthe LAA.
Lake became a dry lakebed by 1929. On windy days, Diversions from its tributaries lowered Mono
airborne particulates from the dry lakebed violate airLake’s water level from elevation 6,417 feet in 1941 to
quality standards in the southern Owens Valley. Ina historic low of 6,372 feet in 1981. With decreased
1997, the Great Basin Unified Air Pollution Control inflow of fresh water, the lake’s salinity increased dra-
District ordered the City ofLosAngeles to implementmatically. When water levels drop to 6,375 feet or
control measures at Owens Lake to mitigate the dustlower, a land bridge to Negit Island is created, allow-
problems. Under the order, 8,400 acres of lakebeding predators to reach gull rookeries; this first happened
would be permanently flooded with a few inches ofin 1978 and again during the 1987-92 drought.
water, another 8,700 acres would be planted with grass As a result of these impacts, the lake and its tribu-
and irrigated, and 5,300 acres would be covered withtaries have been the subject of extensive litigation
a four-inch layer of gravel.~This order could reducebetween the City of Los Angeles and environmental
the city’s diversions by 51 taf/yr or about 15 percentgroups since the late 1970s. In 1983, the California
of its supply. In July 1998, a compromise was reachedSupreme Court ruled that SWRCB has authority to
when LADWP agreed to begin work at Owens Lake reexamine past water allocation decisions and the re-
by 2001 and to ensure that federal clean air standardssponsibility to protect public trust resources where
would be met by 2006. In turn, the APCD agreed tofeasible. SWRCB issued a final decision on Mono Lake
scale back the improvements sought in its 1997order.(Decision 1631) in 1994. The amendments to
Under this agreement, LADWP’s dust-control strat-LADWP’s water right licenses are set forth in the or-
egy may include shallow flooding, vegetation planting,der accompanying the decision.
and gravel placement. The implementation schedule The order sets instream flow requirements for fish
requires that 6,400 acres of lakebed be treated by thein each of the four streams from which LADWP di-
end of 2001. By the end of 2006, an additional 8,000verts water. The order also establishes water diversion
acres would be treated, plus any additional lakebedcriteria to protect wildlife and other environmental
necessary to bring particulate counts into complianceresources in the Mono Basin. These water diversion

¯ OPTIONS o EASTERN SIERRA AND COLORADO RIVER REGIONS 9-20

C--094434
C-094434



The CaIifornla Water ~lan Update BULLETIN 160-98

criteria prohibit export of water from Mono Basin untilmandate against MWA to compel it to import water
the lake level reaches 6,377 feet, and restrict Monofrom the SWE. MWA filed a cross-complaint request-
Basin water exports to allow the lake level to rise to aning a determination of water rights in the basin.
elevation of 6,391 feet in about 20 years. Once the In 1991, the court ordered that the litigation be
water level of 6,391 feet is reached, it is expected thatplaced on hold to give parties time to negotiate a setde-
LADWP will be able to export about 31 taf/yr ofwa- ment and to develop a solution to the overdraft. A
ter from the basin. The order requires LADWP to Mojave Basin adjudication committee was formed to
prepare restoration plans for the four streams fromfacilitate data gathering and to draft a stipulated j udg-
which it diverts and to restore part of the waterfowlment and physical solution. The court’s final ruling
habitat which was lost due to lake level decline. In Mayon basin adjudication was issued in January 1996. In
1997, parties to the restoration planning process pre-its ruling, the court emphasized that the area has been
sented a signed settlement on Mono Basin restorationin overdraft for decades and that MWA must alleviate
to the SWRCB. If approved, the settlement wouldoverdraft through conservation and purchase of supple-
guide restoration activities and annual monitoringmental water. MWA was appointed as the basin
through 2014. Parties to the settlement includewatermaster.
LADWP, the Mono Lake Committee, DFG, State The adjudication stipulated that any party pump-
Lands Commission, DPR, California Trout, Nationaling more than 10 af/yr became a party to the judgment
Audubon Society, USFS, BLM, and The Trust forand is bound by it. The judgment stated that each party
Public Land. has a right to its base annual production, which was

Key features of stream restoration plan includeits highest usage between 1986 and 1990. The judg-
restoring peak flows to Rush, Lee Vining, Walker, andment also required MWA to reduce this amount by at
Parker Creeks; reopening abandoned channels in Rushleast 5 percent each year for four years as one way to
Creek; and developing a monitoring plan. One of theachieve a physical solution to the longstanding over-
restoration actions required by SWRCB--bypassingdraft. Any party exceeding its annual allotment must
sediment around LADWP diversion dams--was de-purchase replenishment water from MWA or from
ferred for further analysis. The waterfowl habitatother parties to the judgment. If there is still overdraft
restoration plan proposes that a Mono Basin water-after the end of the first five years of the stipulated
fowl habitat restoration foundation administer a$3.6judgment, water use in overdrafted subareas will be
million trust established by LADWP. Five of the par-further reduced. The judgment recognized five basin
ties to the agreement would serve as initial memberssubareas and required that if an upstream subarea does
of the foundation. Activities would include annualnot meet its obligation to a downstream subarea, the
monitoring, restoring open water habitat adjacent toupstream area must pay for supplemental water.
the lake, and rewatering Mill Creek. LADWP would Supplemental water for the Mojave River Basin
continue its brine shrimp productivity studies, openwill come from MWA’s SWP entitlement, Or from
several channels on Rush Creek, and make its Millwater marketing arrangements, and will be delivered
Creek water rights available for rewatering Mill Creek,through the California Aqueduct. In March 1997,
based on the recommendations of the foundation. MWA began constructing its Mojave River pipeline,

The plans are being considered by SWRCB and aextending about 71 miles from the California Aque-
decision is expected at the end of 1998. duct to Newberry Springs, a rural community east of

Barstow. MWA also recently purchased the permanent
Mojave River Adjudication right to 25 taf of additional SWP annual entitlement,

The Mojave River groundwater basin has experi-nearly a 50 percent increase from the agency’s previ-
enced overdraft since the early 1950s, with the largestous entitlement. The combination of reduced
increase in overdraft occurring in the 1980s. About 80pumping, increased SWP deliveries and other imports,
percent of basin recharge comes from the Mojave River.and new delivery facilities are expected to reduce over-
In 1990, the City of Barstow filed a complaint in Su-draft in the basin.
perior Court against the City of Adelanto seeking an
average annual guaranteed flow of 30 tar to mitigateAntelope Valley Water Management

reduced mnoffand declining groundwater levelsin the The Antelope Valley Water Group was formed in
Barstow area. The complaint also requested a writ of1991 to provide coordination among valleywater agen-
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cies and other interested entities. AVWG membersgroundwater basins in the South Lahontan Region:
include the Cities.ofPalmdale and Lancaster, EdwardsFish Lake Valley, crossed by Highway 168 east of
AFB, AVEK, Antelope Valley United Water Purveyors Westgard Pass; Pahrump Valley, located to the east of
Association, LosAngeles CountyWaterworks Districts,Death Valley; and Mesquite Valley, just south of
PWD, Rosamond Community Services District, andPahrump Valle)~ Groundwater extraction on the Cali-
Los Angeles County. AVWG completed an Antelopefornia side of the border supports small-scale
Valley water resources study in 1995 to address regionalagricultural development, largely for alfalfa. Pahrump
water management issues. Valley is the most populated of the three valleys; most

The study evaluated the valleys existing and fix-of its development is located in Nevada around the
ture water supplies from groundwater, the SWP,community ofPahrump. Pahrump and Mesquite Val-
Littlerock Reservoir, and recycling, and compared theseleys are within about 35 miles of the rapidly growing
supplies with projected water demands. The study con-Las Vegas metropolitan area. In the early 1990s, the
cluded that water supply reliability is low in the studySouthern Nevada Water Authority proposed export-
area full 1998 demands would be met only half theing groundwater from several rural counties in central
time without overdrafting groundwater resources. TheNevada to help meet Las Vegas’ rapidly increasing need
study recommendedwater conservation, recycling, andfor water. Opposition by rural Nevada counties to
conjunctive use measures to reduce expected shortages.SNWA’s proposal caused SNWA to defer this project.
The study identified three sites (two on AmargosaInyo County residents have historically been concerned
Creek and one on Littlerock Creek) with high poten-about the proximity of Las Vegas to the interstate ba-
tial for groundwater recharge through spreading andsins, although no new interstate issues have come up
identified SWP water, recycled water, and local runoffsince SNW~s proposed project.
as potential recharge sources. The study also identi-
fied several potential groundwater injection sites within
existing Los Angeles County Waterworks and PWDWater Management Options for the
municipal wellfields. Treated SWP water was identi-South Lahontan Region
fied as a potential recharge source. Table 9-11 shows a list of options for the region,

In 1996, PWD adopted a water facilities masterand the results of an initial screening of the options.
plan for its service area, updating a 1988 plan. PWDThe retained options were evaluated (Table 9A-2 in
relies on three water sources: Littlerock Reservoir, lo-Appendix 9A) based on a set of fixed criteria discussed
cal groundwater, and SWP water. The plan indicatesin Chapter 6.
that about 40 percent of PWD supply is from ground-
water. Declining groundwater levels have been a local.Water Conservation
concern in the Palmdale area, although extractions Urban. Urban water demand forecasts for 2020
presently appear to be within the basin’s perennial yield,assume that BMPs are in place; consequently, only
The plan also indicates that existing supplies are in-those urban conservation efforts which exceed BMPs
sufficient to meet drought demands. Average yearare considered as options. Reducing outdoor water use
shortages are projected to occur by 2005. to 0.8 ETo in new development would attain 20 taf/yr

To meet drought year demands, the plan calls forof depletion reductions, while extending this measure
the construction of up to 12 new production wells.to include existing development would reduce deple-
The plan’s draft EIR identified declining groundwatertions by 31 taf/yr. Reducing residential indoor water
levels as an unavoidable impact of constructing newuse to 60 and 55 gpcd would attain depletion reduc-
wells. Mitigation measures recommended includedtions of 7 and 15 taf/yr, respectively. Reducing CII
conservation and drought year demand reduction, con-water use by an additional 3 and 5 percent would at-
junctive use programs (as identified in the Anteloperain 2 and 4 taf/yr of depletion reductions, respectively.
Valley water resources study), acquisition of an addi-Reducing distribution system losses to 7 and 5 per-
tional 3.1 taf/yr of SWP entitlement, participation incent would save 4 and t2 taf/yr, respectively.
water transfers, and development of recycled water. Agrlcultura~ The 2020 agricultural water demand

forecasts assume that EWMPs are in place. As withInterstate Groundwater Basins
the urban water management options, only those ag-

California and Nevada share three interstate ricultural conservation efforts which exceed EWMPs
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TABLE 9-11

South Lahontan I~egion List of Water Management Options

Option Retain Reason for Deferral
or Defer

Conservation
Urban

Outdoor Water Use to 0.SETo Retain
Indoor Water Use Retain
Interior CII Water Use Retain
Distribution System Losses Retain

Agricultural
Seasonal Application Efficiency Improvements Retain
Flexible Water Delivery Defer No significant depletion reductions attainable.
Canal Lining and Piping Defer No significant depletion reductions attainable.
Tailwater Recovery Defer No significant depletion reductions attainable.

Modify Existing Reservolrs/Operations
Remove Sediment from Littlerock Reservoir Defer Excessive costs for additional yield.

New Reservoirs/Conveyance Facilities

Groundwater/Conj unctive Use

Water Marketing
Mojave Water Agency Retain
Palmdale Water District Retain

Water Recycling
Water recycling options Defer Water recycling options in this region do not

generate new water supply.

Desalting
Brackish Groundwater

Seawater

Other Imcal Options
Line Palmdale Ditch Defer No net increase in supply.
Reduce Outflow to Playa Lakes Defer Restrictions on us~ of flows that provide recharge

to overdraft basins. Costs are high and water
quality is poor.

Statewide Options
-- -- See Chapter 6.

Modify Existing Reservoirs or Operations

are considered as options. It is estimated that water Sediment has accumulated in Littlerock Reservoir
savings of 2, 3, and 5 taf/yr could be achieved in thisand minor additional yield could be realized by re-
region, by improving SAE to 76, 78, and 80 percent,moving the sediment. Studies are now under way to
respectively. Options for flexible water delivery andevaluate the costs and benefits of this option. Prelimi-
canal lining and piping are not feasible in this regionnary estimates indicate that the cost of this option is
because most water supply comes from individual wellsin the order of $2,000/af. Because of the high costs,
with minimal conveyance facilities, this option was deferred.
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New Reservoirs or Conveyance Faeilltles past Afton Canyon averages 8.4 taf. However, the ba-

There are no proposed new reservoir developmentssin adjudication restricts use of flows that provide

in this region. The region’s aridity and consequent lackrecharge to downstream subareas of the basin that are

of surface water resources make new reservoirs infea-in overdraft. Reducing outflow to Soda Lake was de-

sible. Future local water resources development willferred as an option.

be based on groundwater sources. Likewise, local storm runoffcollects in many small
playas throughout the basin. These playas generally

Water Marketing do not contribute to groundwater recharge, due to the

The CaliforniaAqueduct could convey purchasedlow permeability of playa soils. Water collected in the

water to MWA’s distribution system to supply some ofplayas evaporates, rather than recharging groundwa-

the region’s rapidly urbanizing areas. MWA has en-ter. Diversion or collection of runoff to playas and

tered into a multi-year banking and exchangerecharging it to groundwater basins could increase

agreement with Solano County Water Agency. Dur-groundwater supplies by eliminating the evaporation.

ing wet years, SCWA can bank up to 10 tafofits annualSix dry lakebeds could potentially store an additional

SWP entitlement in MWA’s groundwater basin. Dur- 1.8 tar once every five years. Costs for this option are

ing drought years, SCWA can take part ofMWA"s SWP $1,000 to $3,300/a£ Water quality at the playas is gen-

entitlement in exchange (up to half the banked amounterally poor, with high levels of salts and minerals. This

with a maximum of 10 taf/yr). MWA is also pursuingoption was deferred.

two demonstration water marketing projects of 2 tarStatewlde Options
each. PWD is seeking to purchase 3.1 taf/yr of SWP
entitlement from Central Valley agricultural water Statewide water supply augmentation options are

discussed and quantified in Chapter 6.purveyors. Other voluntary marketing arrangements
could be developed through option agreements, stor-
age programs, and purchases of water through theOptions Likely to he implemented
DWB or other spot markets, in the South Lahontan Region

Capacity has been developed to store additional Water supplies are not available to meet all of the
imported supplies in the Mojave River Basin at MWA’sregion’s 2020 water demands in average or drought
Rock Springs groundwater recharge facility nearyears. Applied water shortages are forecasted to be 270
Hesperia. Additional recharge facilities in the Barstowtafin average years and 308 tafin drought years. Most
area are in the final planning stages, which would fur-of the region’s shortage will be in the Mojave River
ther increase MW.~s ability to take delivery of importedplanning subarea. Water shortages in the Antelope
supplies when its Mojave River Aqueduct is completed.Valley subarea are forecast only in drought years. Rank-
Sufficient basin storage is available to store water ining of retained water management options for the
wet years when more SWP supplies or purchased sup-South Lahontan Region is summarized in Table 9-12.
plies might be available. Table 9-13 summarizes options that can likely be imple-

Water Recycling mented by 2020 to relieve the shortages. The options
likely to be implemented in this region include SWP

Water recycling options are deferred for this re- supplies and water transfers conveyed by the Califor-
gion because planned projects would not generate newnia Aqueduct.
supply.

Other Local Options

The ditch that conveys water from Littlerock Res-
ervoir to Palmdale Lake has an estimated 20 percent
conveyance loss, which could be reduced by canal lin-
ing. Canal lining would reduce groundwater recharge
by approximately 1 taf/yr, resulting in no net increase
in water supply. This option was deferred.

Some flow of the Mojave River reaches Soda Lake
where the flow is lost to evaporation. Annual outflow
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TABLE 9-12
Options Ranking for South Lahontan Region

Optt’ona                     Rank     Cost ($/ai9 Potential Gain (ta,~
Average    Drought

Conservation

Urban
Outdoor Water Use to 0~8 ET05New Development M 750 20 20
Outdoor Water Use to 0.8 ETo-New and Existing DevelopmentM b 31 31
Indoor Wate[ Use (60 gpcd) M 400 7 7
Indoor Water Use (55 gpcd) M 600 15 15
Interior CII Water Use (3%) M 500 2 2
Interior CII Water Use (5%) M 750 4 4
Distribution System Losses (7%) M 200 4 4
Distribution System Losses (5%) M 300 12 12

Agricultural
Seasonal Application Efficiency Improvements (76%) H 100 2 2
Seasonal Application Efficiency Improvements (78%) M 250 3 3
Seasonal Application Efficiency Improvements (80%) M 450 5 5

Water Marketing
Mojave Water Agency H b 4 4
Palmdale Water District (311~ tar SWP entidement) H b 3 2

Statewide Options
See Chapter 6.

a All or parts of the amounts shown for highlighted options have been included in Table 9-13.
I, Data 0ot available to quantify.

TABLE 9-13

Options Most Likely to be Implemented by 2020 (taf)
South Lahontan Region

Average Drought

Applied Water Shortage 270 308

Options Likely to be Implemented by 2020
Conservation 56 56
Modify Existing Reservoirs/Operations
New Reservoirs/Conveyance Facilities
Groundwater/Conjunctive Use
Water Marketing 7 6
Recycling
Desalting
Other Local Options
Statewide Options 174 204
Expected Reapplication 33 42

Total Potential Gain 270 308

Remaining Applied Water Shortage 0 0
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FIGURE 9-4

Colorado River Hydrologic Region

Gene Wash
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Colorado River
Hydrologic Region

Description of the Area and rugged terrain, the region contains large and pro-
ductive agricultural areas and popular vacation resorts.

The Colorado River Region encompasses theTable 9-14 shows the region’s population and crop
southeastern corner of California. The region’s north-acreage for 1995 and 2020.
ern boundary, a drainage divide, begins along the
southern edge of the Mojave River watershed in the TABLE 9-14
Victor Valley area of San Bernardino County and Population and Crop Acreage
extends northeast across the Mojave Desert to the Ne-
vada stateline. The southern boundary is the Mexican Population Im4gated Crop Acreage

border. A drainage divide forms the jagged western (thousands) (thousands ofacres)

boundary through the San Bernard!no, San Jacinto, 1995 533 749
and Santa Rosa Mountains, and the Peninsular Ranges 2020 1,096 750
(including the Laguna Mountains). The Nevada
stateline and the Colorado River (the boundary with
Arizona) delineate the region’s eastern boundary (Fig-
ure 9-4).

Covering over 12 percent of the total land area in
the State, the region is California’s most arid. It in-
cludes volcanic mountain ranges and hills; distinctive
sand dunes; broad areas of Joshua tree, alkali scrub,
and cholla communities; and elevated river terraces.
Much of the regions topography consists of flat plains
punctuated by hills and mountain ranges. The San
Andreas fault traverses portions of the Coachella and
Imperial Valleys. A prominent topographic feature is
the Salton Trough in the south-central part of the re-
gion.

The climate for most of the region is subtropical
desert. Average annual precipitation is much higher in
the western mountains than in the desert areas. Win-
ter snows generally fall above 5,000 feet; snow depths
can reach several feet at the highest levels during win-
ter. Most of the precipitation in the region falls duringCoaehella Valley datepalms. The Colorado River Region
the winter; however, summer thunderstorms can pro-the main location in Cal~fornla where dates are grown for
duce rain and local flooding. Despite its dry climateeommere~alproduction.
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Most of the population is concentrated in the(through the All American and Coachella Canals, lo-
Coachella and Imperial Valleys. Major cities in thecal diversions, and the Colorado River Aqueduct by
CoachellaValley include Palm Springs, Indio, and Palmmeans of an exchange for SWP water). Other supplies
Desert. Other urban centers in the region are the Cit-are from groundwater, SWP water, local surface water,
ies of H Centro, Brawle)~ and Calexico in Imperialand recycled water. Bulletin 160-98 base year ground-
Valley; the Cities of Beaumont and Banning in thewater overdraft in the region was estimated to be about
San Gorgonio Pass area; and the Cities of Needles and70 taf and occurs in the Coachella Valle~
Blythe along the Colorado River. Major water agencies in the region are the Palo

Agriculture is an important source of income forVerde Irrigation District, Imperial Irrigation District,
the region. Almost 90 percent of the developed pri-Coachella Valley Water District, Bard Water District,
vate land is used for agriculture, most of which is inMojave Water Agency, Desert Water Agency, and San
the Imperial, Coachella, and Palo Verde Valleys. TheGorgonio Pass Water Agency.
primary crops are alfalfa, winter vegetables, spring The region’s primary shortages with existing sup-
melons, table grapes, dates, Sudan grass, and wheat,plies are expected to occur in the Coachella planning
Recreation and tourism are another important sourcesubarea because of groundwater overdraft. (In the fu-
of income for the region. In Coachella Valley~ the Palmture, reduction in California’s Colorado River water
Springs area and adjoining communities are an im-use to the State’s basic apportionment creates an aver-
portant resort and winter golf destination. Recreationalage year shortage of as much as 0.9 mar in the South
opportunities provided by the more than 100 golfCoast Region. This 2020 shortage is shown in the
courses in the Coachella Valle~ water-based recreationSouth Coast water budget.)
on the Colorado River and Salton Sea, and desert
camping all contribute to the areas economy. Supplies from the Colorado River

Most of the water supply in the region comes from
Water Demands and Supplies the Colorado River, an interstate (and international)

Table 9-15 shows the water budget for the Colo-river whose use is apportioned among the seven Colo-
rado River Region. Agricultural water demand makesrado River Basin states by a complex body of statutes,
up the majority of the water use in the region. Theredecrees, and court decisions known collectively as the
are two major areas where water is used for wildlifelaw of the river. Table 9-16 summarizes key elements
habitat in the region, the Salton Sea National Wildlifeof the law of the river. USBR acts as the watermaster
Refuge and the Imperial Wildlife Area. There are alsofor the Colorado River, and all users of Colorado River
several private wetlands, water must contract with USBR for their supplies. Fig-

About 90 percent of the region’s water supply isure 9-4 shows the locations of key Colorado River
from surface deliveries from the Colorado Riverstorage and conveyance facilities.

TABLE 9-15
Colorado River Region Water Budget (taf)a

~ 1995 2020
Average Drought Average Drought

Water Use
Urban 418 418 740 740
Agricultural 4,118 4,118 3,583 3,583
Environmental 39 38 44 43
Total 4,575 4,574 4,367 4,366

Supplies
Surface Water 4,154 4,128 3,920 3,909
Groundwater 337 337 285 284
Recycled and Desalted 15 15 15 15
Total 4,506 4,479 4,221 4,208

Shortage 69 95 147 158
a Water use/supply totals and shortages may not sum due to rounding.

[] OPTIONS - EASTERN SIERRA AND COLORADO RIVER REGIONS 9-28

C--094442
C-004442



The California Water Plan Update BULLETIN 160-98

Hoover Dam and
Lake Mead. Lake Mead and

Lake Powell are the largest of
the Colorado River system

reservoirs.

Courtesy of USBR

TABLE 9-16

Key Elements of the Law of the River

Document Date Main Purpose

Colorado River Compact 1922 Equitable apportionment of the water from the Colorado River system
between the two basins. The Upper Basin and the Lower Basin are each
provided a basic apportionment of 7.5 mar annually of consumptive use.
The Lower Basin is given the right to increase its consumptive use an
additional 1 maf annually.

Boulder Canyon Project Act 1928 Authorized USBR to construct Boulder (Hoover) Dam and the All
American Canal (including the Coachella Canal), and gave congressional
consent to the Colorado River Compact. Also provided that all users of
Colorado River water must enter into a contract with USBR for use of the
water.

California Limitation Act 1929 Limited California’s share of the 7.5 maf annually apportioned to the
Lower Basin to 4.4 mar annually, plus no more than half of any surplus
waters.

Seven Party Agreement 1931 An agreement among PVID, IID, CVWD, MWDSC, City of Los
Angeles, City of San Diego, and County of San Diego to recommend to
the Secretary of Interior how to divide use of California’s apportionment
among the California water users. Details are shown in Table 9-17.

U.S. - Mexican Treaty 1944 Guarantees Mexico a supply of 1.5 maf annually of Colorado River water.

U.S. Supreme Court Decree in 1964 Apportions water from the mainstream of the Colorado River among the
Arizona v. California, et aL Lower Division states. When the Secretary determines that 7.5 mar of

mainstream water is available, it is apportioned 2.8 mafto Arizona, 4.4
mafto California, and 0.3 mafto Nevada. Also quantifies tribal water
rights for specified tribes, including 131,400 af for diversion in California.

Colorado River Basin Project Act 1968 Requires Secretary of the Interior to prepare long-range operating criteria
for major Colorado River reservoirs.

U.S. Supreme Court Decree in 1979 Quantifies Colorado River mainstream present perfected rights in the
Arizona v. California, et aL Lower Basin states.
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TABLE 9-17
Annual Apportionment of Use of Colorado River Water

(all amounts represent consumptive use)

Interstate/InternaHonal

Upper Basin States 7.5 maf
(Wyoming, Utah, Colorado, New Mexico, small portion of_Arizona)

Lower Basin States 7.5 maf
(Arizona, Nevada, California)

Arizona 2.8 maf
Nevada 0.3 mar
California 4.4 maf

Republic of Mexicoa 1.5 mar

a Plus 200 tar of surplus water, when available. Water delivered to Mexico must meet specified salinity requirements.

Intrastate (Seven Party Agreement.)~

Priority 1 Palo Verde Irrigation District (based on area of 104,500 acres).
Priority 2 Lands in California within USBR’s Yuma Project (not to exceed 25,000 acres).

Priority 3 Imperial Irrigation District and lands served from the All American Canal in Imperial and Coachella Valleys,
and Palo Verde Irrigation District for use on 16,000 acres in the Lower Palo Verde Mesa.

Priorities 1 through 3 collectively are not to exceed 3.85 mar/yr. There is no specified division of that amount among the
three priorities.

Priority 4 MWDSC for coastal plain of Southern California-550,000 af/yr.
Priority 5 An additional 550,000 af/yr to MWDSC, and 112,000 af/yr for the City and County of San Diego%

Priority 6 Imperial Irrigation District and lands served from the All American Canal in Imperial and Coachella Valleys,
and Palo Verde Irrigation District for use on 16,000 acres in the Lower Palo Verde Mesa, for a total not to
exceed 300,000 af/yr.

Total of Priorities 1 through 6 is 5.362 mar/yr.

Priority 7 All remaining water available for use in California, for agricultural use in California’s Colorado River Basin.

b Indian tribes and miscellaneous present perfected right holders that are not identified in California’s Seven PartyAgreernent have the right to divert up to
approximately 85 tar/yr (equating to about 50 tal:/yr of consurnptive use) within California’s 4.4 mar basic apportionment. These users are presendy
consumptively using approximately 32 taf/yr (assuming about 25 taf/yr of unmeasured return flow).

¢ Subsequent to execution of the Seven PartyAgreement, San Diego executed a separate agreement transferring its apportionment to MWDSC.

Within California, local agendes’ apportionmentsPVID, BWD, IID, and CVWD. The Reservation
of Colorado River water were established under theDivision of USBR’s.Yuma Project provides water to
Seven Party Agreement (Table 9-17), which has beenColorado River Indian tribes in California. The re-
incorporated into water delivery contracts which themainder of Californigs Colorado River water use occurs
Secretary of the Interior has executed with Californiain the South Coast Region (Chapter 7). Figure 9-5 is a
water users. Uses occurring within a state are chargedplot of Lower Basin states’ apportionments compared
to that state’s allocation. Thus, federal water uses orwith historical Colorado River water use. As shown in
uses associated with federal reserved rights (e.g., tribalthe figure, California’s use has historically exceeded its
water rights) must also be accommodated withinbasic apportionment, because California has been al-
California’s basic apportionment of 4.4 maf/yr pluslowed to divert Arizona’s and Nevada’s unused
one-half of any available surplus water, apportionments, and to divert surplus water. With

The major local agendes in California using Colo-completion of the Central Arizona Project and the
rado River water in the Colorado River Region are1996 enactment of a state groundwater banking act,
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FIGURE 9-5

Basic Apportionment and Consumptive Use of
Mainstem Colorado River in Lower Basin

5- ~..,,~m~ .~ ~,-~ -.~ ~ California Use
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4-                                                                                      Apportionment

3-
Arizona Basic
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Arizona Use2-
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Nevada Basic
Apportionment
Nevada Use

0-
1970 1975 1980 1985 1990 1995

Arizona used more than its basic apportionment inable water supply, even without consideration of sub-
1997. Reduction of California’s Colorado River usesequent calls on that water supply for tribal water rights
from current levels to 4.4 mar annually (when surplusand endangered species fishery water needs, Table 9-
water is not available) has significant water manage-18 provides an overview of average river hydrology.
ment implications for the South Coast Region. InWhile consumptive use from the mainstem in the
calendar year 1996, actual consumptive use of theLower Basin is assumed to be its basic apportionment
Lower Basin states (without considering USBR’s un-of 7.5 mar, Upper Basin use is still well below its Coloo
measured return flow credit of 239 tar) was: rado River Compact apportionment. Current

Nevada 241 tar
Arizona 2,813 taf T~BLE 9-18

California 5,256 t~ Estimated Colorado River Flow and Usesa

Total Lower Basin 8,310 tar mar
Within the Colorado River Region, IID, BWD, Average Flow (1906-95)

and PVID receive virtually all of their supplies from Upper Basin 15.1
the Colorado River. IID and CVWD’s Colorado River Lower Basin 1.4
supplies are diverted into USBR’s All American Canal Total 16.5

at Imperial Dam; CVWD is served from the Coachella Current Uses

Branch of the AAC. PVID diverts via the Palo Verde Upper Basin 3.8
Lower Basin (mainstern)b 7.5

Canal from the Colorado River near Blythe. BWD Mexico 1.5
receives its supplies from facilities of USBR’s Yuma Mainstem Evaporation and Losses 1.9
Project, which serves lands in both California arid Ari- Total 14.7
zona. Average Flow ~nto Reservoir

The interstate allocations provided in the 1922Storage (16.5- 14.7) 1.8

Compact were made after a period of relatively wet ~ Prepa~ea b~ the C~.

hydrology on the Colorado River. Some have suggested
b Reflects restriction on MWDSC’s diversion as Central Ari ....

Project and Southern Nevada Water System increase diversions to
that the allocations overstate the river’s normally avail- ~i~o~’s and Nevada’s basicapportionments.
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USBR’s Imperial Dam on
the Colorado River. The
structures in the foreground
are a series of desilang basins
used to reduce the sediment
load of flyer water b~ore it
enters the All Amedcan
Canal

Courtesy of USBR

projections are that the Upper Basin will not reach itslacks the facilities to take delivery of SWP water, and
full Compact apportionment until after 2060. to date has received no actual supply from the SWP.

SGPWA will receive SWP supply when the Depart-
Supplieslgom Other Sources ment completes its extension of the East Branch of the

Local agencies contracting with the SWP for part California Aqueduct in 2000.
of their supplies are shown in Table 9-19.                  Groundwater, local surface water, and water recy-

Neither CVWD nor DWA have facilities to take cling provide the remaining supplies for this region.
direct delivery of SWP water. Instead, both agenciesCVWD, working with DWA, has an active ground-
have entered into exchange agreements withMWDSC,water recharge program for the upper end of the
whereby MWDSC releases water from its ColoradoCoachella Valley (generally, the urbanized part of the
River Aqueduct into the Whitewater River for storagevalley). CVWD recharges groundwater with imported
in the upper Coachella Valley groundwater basin. InColorado River supplies and with Whitewater River
turn, MWDSC takes delivery of an equal amount offlows using percolation ponds constructed in the
the agencies’ SWP water. San Gorgonio Pass WaterWindy Point area. CVWD and DWA levy extraction
Agenc~ which serves the Banning/Beaumont area, alsofees on larger groundwater users in the upper Coachella

TABLE 9-19

SWP Contractors in the Colorado River Region

Maximum Annual e
Agency Contract Entitlement (ta29 SWP Deliveries in 1995 (taj~

Coachella Valley WD 23.1 23.1
Desert Water Agency 38.1 38.1
Mojave Water Agencya 75.8 8.7
San Gorgonio Pass Water Agency 17.3 0
a Contract entitlement covers both South Lahontan and Colorado River Regions; 7.3 tafof this amount is allocated to Colorado River Region.

¯ OPTIONS - EASTERN SIERRA AND COLORADO RIA~R REGIONS 9-32

C--094446
(3-094446



The California Water Plan Ulodate BULLETIN 160-98

Valley. Imperial Valle)~ the largest water-using area in More recently, the California local agencies, work-
the region, does not have significant supplies of usableing through the Colorado River Board of California,
groundwater, have been developing a proposal for discussion with

the other basin states to illustrate how, over time, Call-

Local Water Resources fornia would reduce its use to the basic apportionment

Management Issues of 4.4 mar/yr. Drafts of the proposal, known as the
Colorado River Board draft 4.4 Plan, have been shared

Management of California’s                        with the other states. Efforts are being made to reach
intrastate consensus on the plan in 1998. As BulletinColorado River Water
160-98 goes to press, the most current version of the

The major water management issue in this regiondraft plan is the Decetober 1997 version. The follow-
is California’s use of Colorado River water in excess ofing text is based on that version.
its basic annual apportionment of 4.4 mar. In the past, As currently formulated, the draft plan would be
Arizona and Nevada were not using the full amountimplemented in two phases. The first phase (between
of their basic apportionments, and in accordance withthe present and 2010 or 2015) would entail imple-
the law of the river, California was able to use thementing already identified measures (such as water
amount apportioned to, but not used by, Nevada andconservation and transfers) to reduce California’s Colo-
Arizona. Discussions among the seven basin states andrado River water use to about 4.6 to 4.7 mar/yr. The
ten Colorado River Indian Tribes over changes to Colo-second phase would implement additional measures
rado River operating criteria and ways for Californiato reduce California’s use to its basic annual 4.4 maf
to reduce its Colorado River water use began as earlyapportionment in those years when neither surplus
as 1991. The drought in Northern California promptedwater nor other states’ unused apportionments was
California to request that USBR make surplus wateravailable. One of the fundamental assumptions made
available, so that maximum use could be made of Colo-in the plan is that MWDSC’S Colorado River Aque-
rado River water in Southern California. Theseduct will be kept full, by making water transfers from
discussions over changes to reservoir operations and howagricultural users in the Colorado River Region to ur-
surplus or shortage conditions could be established con-ban water users in the South Coast Region. (The
tinued for a time in a forum known as the "7/10 process."Colorado River Aqueduct’s capacity is a maximum of

Imperial Irrigation District,
formed in 1911, acquired

conveyance fa~lities
constructed by a bankrupt
pt4vately owned im4gation

company. In 1918, liD
constructed Rockwood

Heading (shown here) on the
original canal system.

Keeping the canal system

]~om being choked by the
Colorado River’s high
sediment loading wa~

difficult,, note the dredge
shown in the background.
These early facilities were
subsequently replaced by
the All Ameriean Canal

Courtesy of Impm4al lmqgat£on District. ....
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1.3 maf/yr. However, as shown in Table 9-17, is the concept that existing reservoir operating criteria
MWDSC has a fourth priority right to only 550 tar be changed by USBR to make optimum use of the
annually--the remaining capacity of the aqueduct has river’s runoffand available basin storage capacity. Call-
historically been filled with unused apportionment fornia agencies developed new proposed operating
water of other entities or with water from hydrologic criteria that are included in the draft plan. The draft
surpluses.) plan contemplates that changes in operating criteria

In the December 1997 draft plan, specific actions would be part of both the first and second phases. The
were included in the first phase: core water transfers other basin states have been cautious in their reaction
(every year water transfers) such as the existing liD/ to California’s proposals for reservoir reoperation, and
MWDSC agreement and the proposed IID/SDCWA have suggested, for example, that new criteria should
transfer; seepage recovery from unlined sections of the not be implemented unril California has prepared the
All American and Coachetla Canals; drought year wa- environmental documents and executed the agreements
ter transfers similar to the PVID/MWDSC pilot that would be needed to begin implementation of the
project; groundwater banking in Arizona; andconjunc- plan. (In its 1995 five-year review of Colorado River
tire use of groundwater in areas such as the Coachellaoperating criteria, USBR had announced that it
Valley. The actions are described in more detail below, planned no changes to existing criteria.)
The draft plan recognizes that transfers of conserved The second phase of the CRB draft 4.4 plan would
water must be evaluated in the context of preserving include additional average year and drought year wa-
the Salton Sea’s environmental resources, and also thatter transfers. Specifics on these transfers would be
plan elements must address environmental impacts ondeveloped during the first phase of plan implementa-
the lower Colorado River and its listed species, tion. One suggested component is construction of

Other actions to occur as part of the first phase desalting facilities on rivers tributary to the sea, to di-
would include implementation of the San Luis Reyvert and treat agricultural drainage water that would
Indian water rights setdement authorized in PL 100- otherwise enter the sea. The treated water could be
675 and implementation of measures to administer conveyed to urban water users in the South Coast Re-
agricultural water entidements within the first three gion via the Colorado River Aqueduct. As with any
priorities of the Seven Party Agreement. Examples of alternative that would reduce the amount of relatively
such measures include quantifying amounts of waterfresh water reaching the sea, the environmental im-
conserved or transferred, and annually reconciling water pacts of this approach would require careful evaluation.
use with water allocations (e.g., ovemm accounting). Other components of the second phase would include

An important element of the CRB draft 4.4 plan further transfers of conserved agricultural water to the

USBR’s Parker Dam on the
Colorado River impounds
Lake Havasu. At this
loeatlon, the Colorado River
forms the stateline between
California and Arizona.MWDSC’s Colorado River

Aqueduct and the Central
Arizona Project divertj~om
Lake Havasu.
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South Coast and further work on reservoir operatingmaster on the grounds that any such claim was neces-
criteria. Implementation of some elements of phasesarily disposed of as part of a Court of Claims
two of the plan may extend beyond the Bulletin 160-settlement entered into by the tribe in a related matter
98 planning horizon, in the mid-1980s. As with all claims to water from the

mainstem of the Colorado River and any determina-
Tribal Water Rights tion by the special master, only the U.S. Supreme Court

Colorado River Indian Tribes. As a result of the itself can make the final ruling.

O 1964 U.S. Supreme Court decree in Arizona v. Call- If both the Fort Mojave and CRIT settlements
¯ fornia, California’s basic apportionment of Coloradowere approved, the tribes would receive water rights

River water was quantified and five lower Coloradoin addition to the amounts granted them in the 1964
River Indian Tribes were awarded 905 tar of annualdecree.
diversions, 131 taf of which were allocated for diver- San Luis Rey Indian Water Rights Settlement
sion in and chargeable to California pursuant to a laterAct. The San Luis Rey Indian Water Rights Settlement
supplemental decree. Act (Public Law No. 100-675; 102 Star. 4000 [1988])

In 1978, the tribes asked the court to grant themis to provide for the settlement of the reserved water
additional water rights, alleging that the U.S. failed torights claims of the La Julia, Rincon, San Pasqual,
claim a sufficient amount of irrigable acreage, calledPauma, and Pala Bands of Mission Indians. Litigation
omitted lands, in the earlier litigation. The tribes also(affecting the interests of the United States, the City
raised claims called boundary land claims for moreof Escondido, the Escondido Mutual Water Compan)~
water based on allegedly larger reservation boundariesthe Vista Irrigation District, and the Bands) and pro-
than had been assumed by the court in its initial award,ceedings before the Federal Energy Regulatory
In 1982, the special master appointed by the SupremeCommission involved tribal water rights claims to the
Court to hear these claims recommended that addi-waters of the San Luis Rey River and questions about
tional water rights be granted to the Indian tribes. Inthe validity of rights-of-way granted by the U.S. across
1983, however, the Supreme Court rejected the claimstribal and allotted lands. The act authorizes and di-
for omitted lands from further consideration and ruledrects the Secretary of the Interior to arrange for a 16 taft
that the claims for boundary lands could not be re-yr supplemental supply of water to benefit the Bands
solved until disputed boundaries were finallyand the local communities. This supply can be ob-
determined. Three of the five tribes--Fort Mojaverained either from water development from public
Indian Tribe, Quechan Indian Tribe, and Coloradolands in California outside the service area of the CVP,
River Indian Tribe--are pursuing additional waterfrom water salvaged as the result of lining part of the
rights related to the boundary lands claims. A settle-AAC or Coachella Canal, or through a contract with
ment has been reached on the Fort Mojave claim andMWDSC. Title II of PL 100-675 authorized the Sec-
may soon be reached on the CRIT claim. Both settle-retary of the Interior to line parts of the canals, and
ments would then be presented to the special master,permitted the Secretary to enter into an agreement or
The Quechan claim has been rejected by the specialagreements with PVID, IID, CVWD, and/or

MWDSC for the construction or funding. The act did
not authorize appropriation of federal funds for canal

Colorado River Board of California lining.

The Colorado River Board of California is the State Water Conservation Programs
agency responsible for administering California’s
Colorado River water allocation, and for dealing with There have been several large-scale water conser-O the other basin states on river management issues¯ The vation actions involving Colorado River water users,
Board is composed of six members representing the as shown in Table 9-20.California agencies who were signatories to the 1931
Seven-Party Agreement, two public members, and two

Salton Seae.x-officio members (the directors of the Department and
DFG). The six local agencies represented on the CRB The present day Salton Sea was formed in 1905,
are CVWD, IID, LADWP, MWDSC, PVID, and when Colorado River water flowed through a break in
SDCWA. CRB’s office and staffare located in Glendale. a canal that had been constructed along the U.S./Mexi-

can border to divert the river’s flow to agricultural lands
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TABLE 9-20

Existing Colorado River Region Water Conservation Actions

Year Action Participants Comments/Status Estimated Savings

1980 Line 49 miles of USBR, Project completed. 132 taf/yr
Coachella Branch CVWD,
of All American MWDSC
Canal

1988 ITD distribution IID, MWDSC Multi-year agreement, extends 107 taf/yr in 1998
system into 2033. Proiects MWDSC has
improvements funded include canal lining,
and on-farm regulatory reservoir and spill
water interceptor canal construction,
management tailwater return systems, non-
actions leak gates, 12-hour delivery of

water, drip irrigation systems,
linear-move irrigation systems,
and system automation.
MWE)SC has funded over
$150 million for conservation
program costs through 1997.

1992 Groundwater MWDSC, Test program to bank up to MWDSC and SNWA have
banking in CAWCD, 300 taf. stored 139 tafin Arizona
Arizona SNWA groundwater basins.

1992 PVID land PVID, Project completed. Two-year Total of 186 taf was
fallowing MWDSC land fallowing test program, made available from the

Covered 20,215 acres in PVID. program, although the water
MWDSC paid $25 million to was subsequently released
farmers over a two-year period, from Lake Mead when

flood control releases were
made from the reservoir.

1995 Partnership USBR, Provides, among other things, N/A
agreement CVWD for studies to optimize reasonable

beneficial use of water in the
district.

in the Imperial Valley. Until that break was repaired in a small change in elevation can result in a large differ-
1907, the full flow of the river was diverted into the ence in the extent of shoreline submerged. Levees have
Salton Sink, a structural trough whose lowest pointis been constructed to protect adjacent farmland and
about 278 feet below sea level. Within geologic time, structures at some sites along the shoreline; the remain-
the Colorado River’s course has altered several times, ing managed acreage of the Salton Sea National
At times, the river discharged to the Gulf of California Wildlife Refuge is also protected from the sea bylevees.
as it does today. At other times it flowed into the Salton The Salton Sea is the largest lake located entirely
Sink. Lake Cahuilla, the most recent of several prehis- within California, with a volume of about 7.5 maf at
toric lakes to have occupied the Salton Sink, dried up its present elevation of -226 feet. The sea occupies a
some 300 years ago. closed drainage basin--if there were no inflows to

Over the long term, the sea’s elevation has gradually maintain lake levels, its waters would evaporate as did
increased, going from a low on the order of-250 feetthose of prehistoric Lake Cahuilla. The areas average
in the 1920s to its present level of about -226 feet. annual precipitation is 3 inches or less, while average
The sea’s maximum elevation in recent years was-225.6 annual evaporation is in excess of 5 feet. The sea re-
in 1995. Since some shoreline areas are relatively flat, ceives over 1 mar of inflow annually, primarily from
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A natural-color inj~ared
satelllte photo of the Salton
Sea (~anuary 1998 Landsat

5). The irrigated areas in
Imperial Valley are dearly

visible to the south of the sea,
as are the Algodones Dunes

to the southeast. The City
of Mexleall and irrigated

a~reage in the Mexieali
Valley can also be seen.

agricultural drainage. The largest sources of inflowfor many species of migratory waterfowl and shore-
(about 80 percent of the total) are the New and Alamobirds, including some species whose diets are based
Rivers which drain agricultural lands in the Mexicaliexclusively on the fish in the sea. Wetlands near the
and Imperial Valleys and flow into the sea’s southernsea and adjoining cultivated agricultural lands offer the
end. The New River also receives untreated and mini-avian population a mix of habitat types and food sourc-
mally treated wastewater flows from the Mexicali area; es. An area at the sea’s south end was established as a
monitoring results generally indicate that pollution as-national wildlife refuge in 1930, although most of that
sociated with wastewater discharges does not reach thearea is now under water as a result of the sea’s rising
sea because of its distance from the Mexican border,elevation. Some of the 380 bird species wintering in

In 1924, President Coolidge issued an executivethe area include pelicans, herons, egrets, cranes, cor-
order withdrawing seabed lands lying below elevationmorants, ibises, ducks, grebes, falcons, plovers, avocets,
-244 feet for the purpose of receiving agricultural drain-sandpipers, and gulls. The Salton Sea is considered to
age water. That order was expanded in 1928 to landsbe a major stopover point for birds migrating on the
below elevation-220 feet. The sea supports water-basedPacific Flywa~ and has one of the highest levels of bird
recreational activities, and has had a popular corvinadiversity of refuges in the federal system.
fishery. During the 1950s, the highest per capita sport Historically, salinity has been the water quality
fishing catches in California were from the Salton Sea.constituent of most concern at the sea. Present levels
Over the years, concerns about the sea’s salinity haveare about 44,000 mg/L TDS (seawater is about
been voiced in the context of maintaining the recre-35,000 mg/L TDS). This high level of salinity reflects
ational fishery that was established with introducedlong- term evaporation and concentration of salts
species able to tolerate high salinities, found in its inflow. Selenium has been a more recent

The sea also provides important winteringhabitatconstituent of interest, due to its implications for
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nearby dry desert lakebeds (to create evaporation           O
ponds), evaporation ponds to be constructed near
the sea, the Gulf of California, or the Laguna
Salada in Mexico.

¯ Building treatment facilities (such as a desalting
plant) to remove salts from inflows to the sea.

¯ Importing flesh water to the sea. The most appar- O
ent source would be the Colorado River, but only
in years when flood control releases were being
made in excess of U.S. needs.
Maintaining a viable Salton Sea has several water

management implications. First will be the actions
needed to stabilize the seds salinity in the near-term,
such as the Authority’s diking proposal. Eventually, a
long-term solution will need to be developed. A wide
range of costs has been mentioned for a long-term so-
lution, including amounts in the billion-dollar range.

Roadrunners are one ofthe blrdspeeiesfoundyear-round in Some of the possible long-term solutions suggested
the Salton Sea area. would entail constructing facilities in Mexico, bring-

ing a greater level of complexity to their           O
aquatic species. Although selenium levels in the waterimplementation. Other water management programs
column in the sea are less than the federal criterion ofin the region, such as proposals to transfer conserved
5ug/L, this concentration can be exceeded in seabedagricultural water supplies, will have to be evaluated
sediment and in influent agricultural drainage water,in terms of their impacts on the sea. Recent proposals
Agricultural drain flows also contribute significantto desalt water in the Alamo or New Rivers and to
nutrient loading to the sea, which supports large algaltransport that water in the Colorado River Aqueduct
blooms at some times of the year. These algal bloomsto the South Coast for urban water supply have raised
have contributed to odor problems and low dissolvedconcerns about maintaining the seds environmental
oxygen levels in some areas of the sea. productivity. Such proposals might be implemented O

Over the years, USBR and others have consideredas part of the second phase of CRB’s draft 4.4 Plan.
potential solutions to stabilize the sea’s salinity and el-(In 1997, CVWD filed an application with the O
evation. Most recently; the Salton SeaAuthority (a jointSWRCB for water rights to storm water flows and

Opowers authority consisting of Riverside and Imperialdrainage flows in the Whitewater River at the sea’s
Counties, IID, and CVWD) and others have beennorthern end. MWDSC made a similar filing for agri- O
performing appraisal level evaluations of some of thecultural drainage flowing into the sea’s southern end.)
frequently suggested alternatives. Categories of alter- Congressional legislation introduced in 1998
natives considered include: would authorize expenditure of federal funds for a
¯ Diking offpart(s) of the sea to create evaporationmulti-year study of the sea’s resources and potential

pond(s) adjoining the primary water body. Thissolutions for managing its salinity.
approach would divert part of the sea’s water into
managed impoundments, where the water wouldCoachella Valley Groundwater Overdraft

0
be concentrated into a brine and the salts would Most PSAs within the Colorado River Region have
eventually be removed. The facilities would besuf~cient water to meet future water needs, with the O
sized to maintain a primary waterbody at someexception of Coachella Valley. Groundwater overdraft
desired salinity concentration and elevation. Theis occurring in the upper (urbanized) part of the val- O
desired salinity concentration would probably beley; DWA and CVWD have been managing extractions
near that of ocean water (or slightly greater) toin that basin to minimize future overdraft. Imported
maintain the recreational fishery, surface water at the upper end of the valley has pro-

" Pumping Salton Sea water and exporting it to somevided a source of recharge water.
other location. Possible discharge locations include Groundwater overdraft is also occurring in the
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Groundwater reeharge ponds
at Windy Point, to the east

of San Gorgonio Pass in
Riverside County. Water

j~om the Whltewater River,
along with Colorado River

Aqueduct supplies exchanged
~br SWP deliveries of

CVWD and D WA, provides
recharge in the upper

Coachella Valley area.

lower (agricultural) portion of the valley, an area thatpopulations, and increasing public awareness of the
roughly coincides with CVWD’s Improvement Dis- role and importance of native fish.
trict No. 1. CVWD estimates that actual 1995 water Problems facing native fish in the mainstem Colo-
use within the district was about 520 tar, part of whichrado River and its tributaries will not be easily resolved.
was supplied by overdrafting the groundwater basin.For example, two fish species in most danger of ex-
(Irrigators in the lower valley are supplied by surfacetinction, the bonytail chub and razorback sucker, are
water from the Coachella Canal and by groundwater.)not expected to survive in the wild. Although there
The district is in the process of preparing a groundwa-was a commercial razorback fishery until 1950, in re-
ter management plan for the lower valley, and hascent years most stream and reservoir fisheries in the
considered alternatives including basin adjudication,basin have been managed for non-native fish. These
water conservation, water recycling, and direct or inmanagement practices have harmed residual popula-
lieu recharge with water imported from the Coloradotions of natives. Many native fish are readily propagated
River or from the SWP. CVWD estimates that over- in hatcheries, and thus recovery programs include cap-
draft in the lower valley is about 170 taf/yr. Overdrafttive broodstock programs to maintain the species.
calculated from Bulletin 160-98 water budgets is 70Reestablishing wild populations from hatchery stocks
taf/yr for the upper and lower valley combined, will have to be managed in concert with programs to

manage river habitat. For example, although 15 mil-
Lower Colorado River lion juvenile razorback suckers were planted in Arizona
Environmental Water Issues streams from 1981-90, the majority of these planted

Listed fish species on the mainstem of the Colo-fish were likely eaten by introduced predators. In 1994,
rado River include the Colorado squawfish, razorbackthe states of Colorado, Wyoming, and Utah reached
sucker, humpback chub, and bonytail chub. Restora-an agreement with USFWS on protocols for stocking
tion actions to protect these fish may affect reservoirnon-native fish in the Upper Basin--stocking proto-
operation and streamflow in the mainstem and tribu-cols consistent with native fish recovery efforts. In a
taries. Other species of concern in the basin includeprogram which began in 1989, USBR and other state
the bald eagle, Yuma dapper rail, belted kingfisher,and federal agencies have cooperated to capture, rear,
southwestern willow flycatcher, and Kanab ambersnail,and successfully reintroduce about 15,000 razorback

In 1993, USFWS published a draft recovery imple-sucker larvae in Lake Mojave.
mentation plan for endangered fish in the upper Instream flows in the mainstem and key tributar-
Colorado River Basin. The draft plan included pro-ies are being evaluated as components of native fish
tecting instream flows, restoring habitat, reducingrecovery efforts. State and federal agencies are conduct-
impacts of introduced fish and sportsfish management,ing studies to estimate base flow and flushing flow
conserving genetic integrit~ monitoring habitat andneeds for listed and sensitive species in various river
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reaches. An example of flushing flow evaluation oc-activities from Lake Mead to the southerly interna-
curred in the spring of 1996 when releases from Glentional boundary with Mexico in 1997. USBR has
Canyon Dam were increased for several days to at-estimated that the cost of implementing the biological
tempt to redistribute sediment and create shallow wateropinion’s reasonable and prudent alternatives and mea-
habitat in the mainstem below the dam. sures could be as high as $26 million.

In a 1997 court action involving the southwest- The steering committee is currently participating
ern willow flycatcher, an environmental group filed ain funding several interim conservation measures.
lawsuit against USBR and USFWS under the ES~sThese include a razorback sucker recovery program at
citizen suit provisions. The group alleged that USBR’sLake Mojave, restoration of Deer Island near Parker,
operation of Lake Mead was endangering theArizona, and a "Bring Back the Natives" program spon-
flycatcher’s habitat at the upper end of Lake Mead.sored by the National Fish and Wildlife Foundation.
The federal district court for Arizona ruled in favor of
USBR, but the environmental group appealed the dis-Waler ~la~lageme~lt Opt|on$
trict court’s decision to the Ninth Circuit Court offor the Co|orado R|ver Reg|on
Appeals. The appellate court subsequently declined to The only forecasted shortages within the Colo-
hear the case, letting the district court’s decision stand,rado River region are those resulting from groundwater

overdraft in Coachella Valley. Implementing the draft
Lower Colorado River CRB 4.4 Plan entails developing options in the Colo-
Multi-Species Con~ervatlon Program rado River Region to keep MWDSC’s Colorado River

Aqueduct flowing at its full capacity, as described
In 1995, DOI executed partnership agreementsearlier. The reduction in California’s use of Colorado

with California, Nevada, and Arizona to develop aRiver water to the basic 4.4 maf apportionment re-
multi-species conservation program for ESA-listed spe-duces the supply available to California by as much as
cies and many non-listed, but sensitive, species within0.9 mar/yr.
the 100-year floodplain of the lower Colorado River, Table 9-21 shows a list of options for the region,
from Glen Canyon Dam downstream to the Mexicanand the results of an initial screening of the options.
border. In 1996, a joint participation agreement wasThe retained options were evaluated (Table 9A-3 in
executed to provide funding for the program. USFWSAppendix 9A) based on a set of fixed criteria discussed
has designated the LCRMSCP steering committee asin Chapter 6. These options could be used for imple-
an ecosystem conservation and recovery implementa-menting the draft CRB 4.4 Plan and for reducing the
tion team pursuant to ESA. The steering committee isColorado River Region’s groundwater overdraft.
composed of representatives from the three states, DOI,
Indian tribes, water agencies, power agencies, environ-WaterConservation
mental organizations, and others. Urban. Urban water demand forecasts for 2020

The conservation program will work toward re- assume that BMPs are in place; consequently, only
covery of listed and sensitive species while providingthose urban conservation efforts which exceed BMPs
for current and future use of Colorado River waterare considered as options. All urban conservation op-
and power resources, and includes USBR’s Coloradotions were retained. Reducing outdoor water use to
River operations and maintenance actions for the lower0.8 ETo in new development would attain 9 taf/yr of
river. Over 100 species will be considered in the pro-depletion reductions, while extending this measure to
gram, including the southwestern willow flycatcher,include existing development would reduce depletions
Yuma clapper rail, and the four listed fish species men-by 18 taf/yr. Reducing indoor water use to 60 gpcd
tioned above. Developing the program is estimated toand 55 gpcd would reduce depletions by 2 arid 3 taft
take three years. Costs of program development andyr, respectively. Reducing commercial, institutional,
implementation of selected interim conservation mea-and industrial water use by 3 percent and 5 percent
sures, estimated at $4.5 million, are to be equally splitwould save 1 and 2 taf/yr, respectively. Reducing dis-
between DOI and the nonfederal partners, tribution system losses to 7 and 5 percent would result

USBR initiated a formal Section 7 consultationin 9 and 13 taf/yr of depletion reductions, respectively.
process with USFWS, who issued a five-year biologi- Agricultural The 2020 agricultural water demand
cal opinion on USBR operation and maintenanceforecasts assume that EWMPs are in place. As with
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TABLE 9-21
Colorado River Region List of Water Management Options

Option Retain Reason for Deferral
or Defer

Conservation

Urban
Outdoor Water Use to 0.8ETo Retain

Indoor Water Use Retain

Interior CII Water Use Retain

Distribution System Losses Retain

Agricultural
Seasonal Application Efficiency Improvements Retain

Flexible Water Delivery Retain

Canal Lining and Piping Retain

Tailwater Recovery Retain

Modi~ Existing Reservoirs/Operations

Reoperating Colorado River System Reservoirs Defer Concurrence of USBR and other basin states not
yet obtained.

New Reservoirs/Conveyance Facilities

Additional Conveyance Capacity for Colorado Defer California’s current excess use of Colorado River
River Water water.

Groundwater/Conjunctive Use

Groundwater Recharge Project at East Mesa Defer Scoped as one-time program.

Water Marketing

Interstate banking Retain

Intrastate banking and transfers Retain

Land fallowing program Retain

Water Recycling

Water recycling options Defer Water recycling options would not generate new
water supply.

Desalting

Brackish Groundwater

Seawater

Other Local Options

Desalting local drainage water Defer To be evaluated in phase 2 of draft CRB 4.4 Plan.

Lining All American Canal Retain

Additional Lining of Coachella Canal Retain

Weather Modification Defer Complicated by interstate management issues.

Statewide Options

-- -- See Chapter 6.
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TABLE 9-22
Potential Colorado River Water Conservation Programs

Program Participants �omments/Status Estimated Savings

Lining of A!! USBR, IID Authorized by PL 100-675. Final EIS/EIR Not implemented yet.
American Canal CVWD, MWDSC published. Preferred alternative is constructingPotential of 67.7 taf/yr

a new, lined parallel canal, savings.

Agreement for a IID, SDCWA SCDWA and IID executed an agreement in Not implemented yet -
long-term transfer 1998. Initial agreement negotiated for wheelingup to 200 taf/yr savings.
of up to 200 taf/yr water in M’WDSC’s Colorado Aqueduct.

EIR/EIS not yet prepared.

Additional lining USBR, others Authorized by PL 100-675. Draft EIR/EIS Not implemented yet.
of Coachella Canal issued. Potential of

25.68 taf/yr savings

the urban water management options, only those ag-been demonstrated in the region. Table 9-22 summa-
ricultural conservation efforts which exceed EWMPsrizes some potential sources of water for intrastate
are considered as options. Improving seasonal appli-transfers. Such transfers could make up some of the
cation efficiency to 80 percent from the base ofshortages in the South Coast Region resulting from
73 percent could reduce depletions by 50 taf/yr. Im-California reducing its use to California’s basic appor-
proving flexible water delivery; canal lining (on-farmtionment of 4.4 m~
and distribution system), and tailwater recovery sys- Construction of additional conveyance capacity
tems could together realize 140 taf/yr in depletionfrom the Colorado River Region to the South Coast
reductions. However, the ability to implement con-Region has been a recent subject of discussion. Propo-
servation options that would reduce the amount ofsition 204 provides funding for a feasibility study of a
fresh water inflow to the Salton Sea must be evaluatednew conveyance facility from the Colorado River to
on a project-specific basis. Goals for preservation ofthe South Coast Region. Conveyance facilities men-
the sea’s environmental resources may limit the extenttioned include a new aqueduct from the Imperial Valley
of feasible conservation measures, area to San Diego (on the United States side of the

Land Fallowing. Programs such as the Palo Verde border), as well as San Diego’s participation in enlarg-
test land fallowing program could be implemented toing the existing aqueduct serving Tijuana, Mexico.
provide water for transfer to urban areas in the SouthTijuana’s situation is similar to San Diego’s, in that
Coast Region during drought periods. In 1992,Tijuana is seeking to expand its urban supplies by ne-
MWDSC conducted a two-year land fallowing testgotiating transfer of agricultural water from the
program with PVID. Under this program, growers inMexicali Valley. Figure 9-6 is a map of the U.S. - Mexi-
PVID fallowed about 20,000 acres of land. The savedcan border area, showing the area’s larger water facilities.
water, about 93 taf/yr, was stored in Lower ColoradoA preliminary engineering study of constructing a new
River reservoirs for future use by MWDSC (the watercanal from Imperial Valley to SDCW_A)s service area
was later released when Colorado River flood controlhas been prepared for SDCWA. Additional work, in-
releases were made from Lake Mead). MWDSC paidcluding geotechnical exploration and environmental
each grower $1,240 per fallowed acre, making the coststudies, would be needed to evaluate the project’s fea-
of the water to MWDSC about $135/af. Similar pro-sibility. The preliminary study highlighted the need to
grams could be implemented in the future to provideevaluate desalting the water that the aqueduct would
about 100 taf/yr during drought years. Future landsupply, to enable San Diego’s continued reliance on a
fallowing agreements would need to consider the avail-high level of water recycling. New conveyance facili-
ability of storage for the transferred water, ties from the Colorado River Region to the South Coast

Region have been deferred from evaluation in Bulle-
Potential Sources of tin 160-98 because it does not appear that they would
Water for Intrastate Marketing be constructed within the Bulletin’s planning horizon,

The ability to market conserved water has already given the other basin states’ concerns about California’s
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use of Colorado River water and the international corn-Intrastate Groundwater Recharge or Banking
plexities associated with a joint project with Mexican
agencies. IID has proposed a groundwater recharge project

SDCWA and IID have been negotiating a poten-at East Mesa in the Imperial Valley. The proposed re-
tial transfer of water saved due to extraordinarycharge project would divert a portion of flood control
conservation measures within IID. The agencies ini-releases from Lake Mead to a recharge site or sites 10-
tially executed a 1995 MOU concerning negotiationcared along the alignment of the old, unlined Coachella
of a transfer agreement, followed by 1998 executionCanal. (The old canal was abandoned when an adja-
of an agreement specifying the transfers terms and con-cent lined canal was constructed.) IID estimates that
ditions. The agreement has a minimum 45-year term,up to 20 tafcould be recharged in 1998. IID prepared
and can be extended for an additional 30 years. Ana mitigated negative declaration for a one-time pro-

¯ initial transfer of 20 tafwould begin in 1999, with thegram in 1998, when flood control releases are
annual quantity of transferred water increasing to aoccurring. Since Colorado River flood control releases
maximum of 200 taf. In order to transfer the acquiredhave historically been infrequent, future water supply
water, SDCWA (a member agency of MWDSC) has for such a recharge program would be available only
negotiated an initial wheeling agreement withoccasionall)~ This option was scoped as a one-time
MWDSC for use of capacity in MWDSC’s Colorado project and is not considered as a 2020-level option in
River Aqueduct. Environmental documentation for theBulletin 160-98.
transfer is pending. MWDSC has executed agreements with three en-

Past conservation projects in the region have in-titles to study the potential of groundwater banking
cluded land fallowing, canal lining, distribution systemarrangements that would involve storing surplus Colo-
reservoir and spill interceptor canal construction, andrado River water, when available, in groundwater basins
irrigation distribution system improvements. Somenear its Colorado River Aqueduct. The water would
proposed projects to recover canal seepage include: be withdrawn for use in the South Coast in drought
¯ Liningpart of the AIlAmerlcan Canal. Public years. An agreement with Cadiz Land Company coy-

Law 100-675 authorized the Secretary of the In-ered a potential project that would entail constructing
terior to line the canal or to otherwise recover canala 35-mile pipeline from the Cadiz Valley/Fenner Val-
seepage, using construction funds from PVID,ley area, and diverting up to 100 taf/yr of surplus
liD, CVWD, or MWDSC. USBR’s environmen- Colorado River water to storage. Estimated available
tal documentation evaluated a parallel canalgroundwater storage capacity is 500 tar, with drought
alternative, several in-place lining alternatives, andyear withdrawal capability of 100 taf. This arrange-
a well field alternative, and concluded that the pre-ment could additionally have a marketing component;
ferred alternative was the construction of aperhaps 20 to 30 taf/yr of recharge in Cadiz and Fenner
concrete-lined canal parallel to 23 miles of the ex-Valleys could be blended with Colorado River water
isting canal. The parallel canal alternative has theand delivered to the South Coast Region. An agree-
potential to conserve an estimated 67.7 taf annu-ment with Catellus Development Company covered a
ally of Colorado River water. Recently, the wellpotential groundwater storage site in the Mojave Desert
field alternative has been reevaluated and foundwith an estimated capacity of 600 tar. The withdrawal
to be infeasible. The well field alternative, althoughcapability of this site is estimated at about 150 taf/yr.
less expensive than canal lining, has been set asideA third agreement was with CVWD. CVWD is pres-
because of international concerns about ground-ently performing pilot studies to estimate recharge and
water extraction near the border, withdrawal capabilities in the lower valley. (MWDSC

¯ Lining the Remaining Section of the Coaehella and CVWD have already been evaluating increased
Cana£ This project would involve lining the remain-recharge at the upper end of the valley, in the
ing 33.4 miles of the Coachella Canal, which losesWhitewater River drainage basin.)
about 32.4 taf/yr through seepage. Four alternatives Technical studies of the feasibility of these projects
that have been identified are conventional lining,remain to be completed, and environmental documen-
underwater lining, parallel canal, and no action. It isration has not yet been prepared. It appears likely that
estimated that the preferred alternative, conventionalat least 100 taf/yr of drought year supplies could be
lining, would conserve 25.7 taf/yr, provided through this group of potential storage sites.

[] OPTIONS - EASTERN SIERRA AND COLORADO RIVEK REGIONS 9-44

C--094458
C-094458



The California Water Plan Update BULLETIN 160-98

Interstate Banking/Conservat~’on Under this legislation, future interstate banking
Under an existing agreement between MWDSCin Arizona would have a maximum annual yield of

and the Central Arizona Water Conservation District,100 taf. However, Arizona may effectively limit with-
MWDSC can store a limited amount of Coloradodrawals in drought years by declining to decrease its
River water in Arizona for future use. The Southerndiversions of surface water to allow recovery of the
Nevada Water Authority is also participating in thebanked water. USBR released draft rules and regula-
program. The agreement stipulates that MWDSC andtions for the interstate banking program for public
SNWA can store up to 300 taf in central Arizonacomment in December 1997, and is presently review-
through the year 2000. As of 1997, MWDSC hasing the public comments.
placed 89 taf in storage and SNWA has placed 50 tar

Reoperating Colorado River System Reservoirsin storage, for a total of 139 taf. About 90 percent of
the stored water can be recovered, contingent uponMember agencies represented by the CRB have
the declaration of a surplus. When MWDSC is ablediscussed proposing reservoir operating criteria to the
to draw on this source, it can divert up to a maximumSecretary of the Interior that would benefit California
of 15 tar in any one month. The stored water wouldwhile protecting the apportionments of the other ba-
be made available by Arizona foregoing the use of partsin states and satisfying Mexican treaty obligations.
of its normal supply from Central Arizona Project.Such criteria would also constitute part of the package
MWDSC plans to recover the stored water at times inof actions for California to transition its use of river
the future when its Colorado River Aqueduct diver-water from current levels to 4.4 maf/yr. Operations
sions may be limited. Like the East Mesa projectstudies have evaluated specific shortage and surplus
described in the preceding section, this interstatecriteria for the river system, including selection of de-
project was a one-time action, and is not considered assired probabilities for water supply reliability and
a 2020-level option in Bulletin 160-98. reservoir operating elevations.

In its 1996 session, the Arizona Legislature en-Results of the operations studies performed by
acted legislation establishing the Arizona WaterCRB and by USBR suggest that there could be mini-
BankingAuthority.TheAuthorityisauthorizedtopur-real hydrologic risk to using reservoir
chase unused Colorado River water and to store it inreoperation--particularly as a limited-term measure
groundwater basins to meet future needs. Conveyanceto help California reduce its Colorado River use--as
to storage areas is provided by the Central Arizonaa water management option for this region. As
Project. The legislation further provided that the Au-described in Chapter 3, the Colorado River has a high
thority may enter into agreements with California andratio of storage capacity to average annual runoff. Pro-
Nevada agencies to bank water in Arizona basins, withjections of consumptive use for the upper basin states
the following limitations: suggest that those states will not attain full use of their
¯ Regulations governing interstate banking wouldcompact apportionments until after year 2060. USBR’S

need to be promulgated by the Secretary of thesurplus declarations to date have not adversely
Interior. impacted the other states’ use of their apportion-

" TheArizona Department of Water Resources findsments for example, flood control releases were made
that DOI’sregulations adequatelyprotectArizona’sboth in 1997 and 1998, and are expected in 1999.
rights to Colorado River water. The more significant impediment to implementing

¯ The ability to bank interstate water would be subor-reoperation would be concerns of the other basin states
dinate to banking of water to supply Arizona needs,about impacts of an extended period of reoperation

¯ Interstate banking would be precluded in yearson future shortages, considering the river’s variable year
when Arizona is using its full apportionment ofto year runoff.
2.8 mar (including water being ddivered to Ari- For Bulletin 160-98, reservoir reoperation is not
zona for banking by Arizona agencies), unlessevaluated as a water management option and no nu-
surplus conditions were declared for the river sys-merical evaluation is made, since consensus of USBR
tern. and the basin states has not yet been obtained.

¯ Interstate withdrawals from the bank are limited
to 100 taf/yr, although there is no statutory limi-Weather Modification

ration on annual deposits. A fundamental management issue associated with
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Colorado River water supplies is the apparent over- CVWD could, as other SWP urban water con-
statement of the Compact apportionment relative totractors are doing, participate in the permanent transfer
the river’s historical hydrology. There have been pro-of agricultural entitlement water provided for in the
posals over the years to augment the river’s base flowMonterey Agreement contract amendments. CVWD
to provide additional supplies. For example, USBR hadcould also purchase water from other sources, by way
developed a proposed pilot program in 1993 to evalu-of exchange with MWDSC, subject to negotiation of
ate cloud seeding potential in the Upper Basin. Theconveyance in the SWP and CRA. Since no specific
State of Colorado did not favor moving ahead withproposals are currently pending, this option is not
this program, quantified in the Bulletin.

Weather modification has recently been raised
again as part of a possible menu of options to resolveStatewlde Options

California’s use in excess of the 4.4 maf basic appor- Statewide water supply augmentation options are
tionment, although no specific proposals have beendiscussed and quantified in Chapter 6.
made. In concept, this option would entail cloud seed-
ing in the Upper Basin to increase runoff, and mightOptions Likely to be Implemented
yield a 5 percent increase in base flow from the areain the Colorado River Region
seeded. Large-scale weather modification projects are
typically difficult to implement due to institutional Applied water shortages are forecasted to be 147

and third-party concerns, and can require several yearstafin average years and 158 tafin drought years. Rank-

of study and testing prior to being placed in opera-ing of retained water management options for the

tional status. Weather modification on the ColoradoColorado River Region is summarized in Table 9-23.
Table 9-24 summarizes options that can likely be imple-River is also complicated by interstate management

issues. This option has been deferred for these reasons,mented by 2020 to relieve the shortages.
Options identified for this region will likely be

Option~for Coaehella Valley used for reducing Coachella Valley overdraft and for

As discussed earlier, MWDSC has executed anmanaging water to benefit the South Coast Region, as

agreement with CVWD to study banking of surpluscalled for in CRB’s draft 4.4 Plan. An evaluation of

Colorado River water, when available, in the lowerthese options is shown in Table 9A-3 in Appendix 9A.

Coachella Valley. Banking programs typically entailBulletin 160-98 assumes that water made available by

putting more water into the groundwater basin thanoption implementation is first allocated to reduce over-

is extracted, to address losses and to avoid potentialdraft within the region, and that remaining water is

localized impacts to existing basin pumpers. Over thethen available for use in the South Coast Region.

long term this extra recharge would help stabilize For readers interested in comparing Bulletin 160-

groundwater basin levels. CVWD is presently in the98 options with the draft CRB 4.4 Plan, Table 9-25

planning stages of expanding its existing pilot recharge/summarizes the Bulletin’s findings in a format similar

extraction site in the lower valley. CVWD also plansto that used in the draft CRB 4.4 Plan. There is an

to form a groundwater replenishment district to helpimportant differences between the two documents--

manage overdr.aft. Bulletin 160-98 assumes that water conservation due
to EWMP implementation occurs as part of base de-MWDSC and CVWD are evaluating additional re-
mand forecasts and not as an optional measure. Actionscharge possibilities in the Whitewater River drainage at

the north end of the valley. Water recharged in this areathat may be implemented as part of phase two of the

could come from surplus Colorado River flows, from year-draft CRB 4.4 Plan are not shown in the table, because

to-year purchases of SWP water or purchase of SWPtheyhave notyet been formulated and quantified.

entitlement, or from other water marketing arrangements
that could take advantage of SWP/CRA conveyance. For
example, CVWD purchased about 39 tafofwater from
other SWP contractors in 1996, on a one-time basis.
Additional recharge possibilities in the Whitewater drain-
age have not yet been quantified, and are not evaluated
further in Bulletin 160-98.
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TABLE 9-23

Options Ranking for Colorado River Region

Optiona                         Rank      Cost ($/a~    Potential Gain (ta~
Average    Drought

Conservation

Urban

Outdoor Water Use tO 0~8 ETof New Development M 750 9 9

Outdoor Water Use to 0.8 ETo-New and Existing DevelopmentM b 18 18

Indoor Wate~ Use (60 gp~d) M 400 2 2

Indoor Water Use (55 gpcd) M 600 3 3

Interior CII Water Use (3%) M 500 1 1

Interior CII Water Use (5%) M 750 2 2

Distribution System Losses (7%) M 200 9 9

Distribution System Losses (5%) M 300 13 13

Agricultural

Seasonal Application Efficiency Improvements (76°/o) H 100 22 22

Seasonal Application Efficiency Improvements (78%) M 250 36 36

Seastnal Application Efficiency Improvements (80%) M 450 50 50

Flexible Water Deii-vety L 1,000 30 30

Canal Lining and Piping L 1,200 45 45

Tailwater Recovery H 150 65 65

Water Marketing

Intrastate. Bankin          g H b -- 100

interstate Banking M b -- 50

Land Fallowing Prggram M 140 -- ,100

Other Local Options

Lining All American Canal H 120 68 68

Additional Lining of C0achelia Canal H b 26 26

Statewide Options

See Chapter 6.

¯ All parts of the amounts shown for the highlighted options have been included in Table 9-24.
b Data not available to quantify.
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TABLE 9-24

Options Likely to be implemented by 2020 (tar)
Colorado River Regiona

Potential Gain (ta29

Average Drought

Applied Water Shorlmge 147 158

Options Likely to be Implemented by 2020
Conservationb 215 215
Modify Existing Reservoirs/Operation -- --
New Reservoirs/Conveyance Facilities -- --
Groundwater/Conjunctive -- --
Water Marketing -- 250
Recycling -- --
Desalting -- --
Other Local Options 94 94
Statewide Options 8 7
Expected Reapplication 2 2

Total Potential Gain 319 568

Remaining Applied Water Shortage                                    0                        0
a Options in excess of regional needs to reduce groundwater overdraft are available for implementing the draft: CRB 4.4 Plan in South Coast Region.
b Water supply for San Diego CWA/IID transfer provided by agricultural conservation which could be any mix of base demand forecast EWMP

implementation (210 ta0 and future agricultural conservation options (190 tar).

TABLE 9-25

Future Actions Described in Bulletin 160-98
That Could be Part of Draft CRB 4.4 Plan implementationa

Action Potential Gain (taj9

Average Drought

Agricultural conservationb to meet SDCWA/IID Agreement 200 200
Other bagricultural conservation from EWMP implementation and optional conservation measures 200 200
Intrastate groundwater banking from MWDSC agreements with Cadiz, Catellus, or Coachella -- 100
Interstate groundwater banking from Arizona groundwater bank -- 50
Possible future land fallowing agreement between MWDSC and PVID -- 100
Lining All American Canal 68 68
Additional lining of Coachella Canal 26 26
Statewide Options 8 7
Total 502 751
~ Since this table shows future actions, it does not include the 1980 Coachella Can~ lining, 1988 MWDSC/IID agreement, or 1992 MWDSCICACWDI

$NWA agreement described earlier in this chapter.
I, These actions are subject to environmental review to ensure that reduced depletions will not have significant impacts to the Salton Sea.
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[] TABLE 9A-1

~ Options Evaluation North Lahontan Region

~
Evalnation Scores

Option Engineering Economics Environ- Institutional/ Social/ Other Overall Rank
mental Legal Third Party Benefits Score

Conservation

Urban

Outdoor Water Use - New and 3 1 4 2 2 1 13 M

Existing Development

Indoor Water Use (55 gpcd) 2 2 4 2 2 1 13 M

Groundwater/Conj unctive Use

Agricultural Groundwater Development 3 1 3 3 3 0 13 M

I



TABLE 9A-2

Options Evaluation South tahontan Region

Evaluation Scores
Option Engineering Economics Environ- Institutional/ Soclal/ Other Overall Rank

m~ntal Legal Third Party Benefits Score

Conservation

Urban
Outdoor Water Use - New Development       3 2 4 2 2 1 14 M
Outdoor Water Use - New and 3 1 4 2 2 1 13 M
Existing Development

Indoor Water Use (60 gpcd) 3               3 4 2 2 1 15 M
’ ......~’:~’~"! :’2’. "~’ :~ ..... !~:’:’ ~’ ,, .... ~: :{2~: ’, I !"!:i~ ’!~;!i~’~!’~’i:~,31{i’ ’1;’~’~:~ ........Indoor Water Use (55 gpcd)

Interior CII Water Use (3%) 3 3 4 2 2 1 15 M
Interior CII Water Use (5%) 3 2 4 1 2 1 13 M
Distribution System Losses (7%) 3 4 4 2 2 1 16 M
Distribution System Losses (5%) 2 3 4 2 2 1 14 M

SAE Improvements (76%) 3 4 3 4 3 1 18 H
SAE Improvements (78%) 3 3 3 3 2 1 15 M
SAE Improvements (80%) 2 ........ 3 3 2 2 1 13 M

Water Marketing

Mojave Water Agency 4               4 4 4 3 0 19 H

Palmdale Water District 4 4 4 4 3 0 19 H

Statewide Options

See Chapter 6.



TABLE 9A-3

Options Evaluation Colorado River Region

Evaluation Scores
Option En~neering Economics Environ-

Instltu~onall
Sodall Other Overall Rank

mental Legal Third Party Ben~ts Score

Conservation

Urban
Outdoor Water Use - New Development 3 2 4 2 2 1 14 M
Outdoor Water Use - New and Existing 3 1 4 2 2 1 13 M
Development
Residential Indoor Water Use (60gpcd):,~ 3 i 3 : ,4 ..... 2, 2 1 15 M
Residential Indoor Water Use (55gpcd)

~ ’ 2 2 ’ 4
~

" ~ 2 2 1 13 M

Interior CII Water Use(5%) 3 2 4 1 2 1 13’ M
Distribution System Losses (7%) 3 4 4 2 2 1 16 M
Distribution System Losses (5%) 2 3 4 2 2 1 14 M

SAE Improvements (76%) 3 4 3 4 3 1 18 H
SAE Improvements (78%) 3 3 3 3 2 1 15 M
SAE Improvements (80%) 2 3 3 2 2 1 13 M
Flexible Water Delivery 3 0 3 3 2 1 12 L
Canal Lining and Piping 3 0 3 3 2 1 12 L
Tailwater Recovery 3 4 3 3 3 1 17 H

Water Marketing

Interstate Banking 3 3 3 2 3 0 14 M
Intrastate Banking 3 3 3 3 3 2 17 H
Land Fallowing Program 3 3 4 3 2 1 16 M

Other Local Options

Lining the All American Canal 3 4 3 2 4 3 19 H
Additional Lining of Coachella Canal 3 4 3 2 4 3 19 H

Statewide Options
See Chapter 6.

a Implementability subject to environmental impact review on Salton Sea.
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Conclusions

T
his chapter assesses California’s water future, based on today’s conditions and

on options being considered by California’s water purveyors. The

Department’s Bulletin 160 series does not forecast a particular vision or pre-

ferred future (such as statewide use of xeriscape landscaping or favoring production of

certain agricultural crops over others), but instead attempts to forecast the most probable

future based on today’s data, economic conditions, and public policies.

Although no forecast can be perfect, several key trends appear inevitable. California’s

population will increase dramatically by 2020. How growth is accommodated and the land

use planning decisions made by cities and counties have important implications for future

urban and agricultural water use. California’s agricultural acreage is forecasted to decline

The 1848 slightly by 2020 (reflecting the State’s increasing urbanization), as is its agri-

d~seovery of cultural water use. California agriculture is still anticipated to lead the nation’s
gold at Sutter" s

Mill on the agricultural production because of advantages such as climate and proximity

American River to domestic and export markets. As the State’s population expands, greater
led to California’s

attention will be directed to preserving and restoring California ecosystems
statehood in 1850.

California and to maintaining the natural resources which have attracted so many people

edebrates its to California.
sesquicentennial

This chapter begins by reviewing water supply and demand information
in 2000.

and the statewide applied water budget with existing facilities and programs

Mine~i, ~oS~ .... presented in Chapter 6. Water management options identified as likely to
pMnEng by Charles Nahl and

Fredefck Wenderoth, 1851.

Co,,~ofSmi, hso,la, ~a~ao, be implemented in Chapters 6-9 are then tabulated and included in a state-
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TABLE 10-1

California Water Budget with Existing Facilities and Programs (maf)

1995 2020

Average Drought Average Drought

Water Use
Urban 8.8 9.0 12.0 12.4
Agricultural 33.8 34.5 31.5 32.3
Environmental 36.9 21.2 37.0 21.3
Total 79.5 64.7 80.5 66.0

Supplies
Surface Water 65.1 43.5 65.0 43.4
Groundwater 12.5 15.8 12.7 16.0
Recycled and Desalted 0.3 0.3 0.4 0.4
Total 77.9 59.6 78.1 59.8

Shortage 1.6 5.1 2.4 6.2

wide applied water budget with options. The chapter
ends with an evaluation of how actions planned by
water purveyors statewide would affect forecasted wa-
ter shortages, and a summary of key findings.

Future with Existing Facilities
and Programs

Table 10-1 repeats the California water budget
with existing facilities and programs shown in Chap-
ter 6. (Regional water budgets with existing facilities
and programs are shown in Appendix 6A and in the
regional chapters.)

Water Supply

As described in Chapter 3, Bulletin 160-98 water
budgets do not account for the State’s entire water sup-About 65percent of the preelpltatlon that falls on

ply and use. Less than one-third of the State’sCalifornia’s land surfaee is consumed through evaporatlon

precipitation is quantified in the water budgets. Pre-and transpiration by vegetation. The remaining 35percent
comprises the water supply that may be managed or ded-

cipitation provides California with nearly 200 maf ofieatedfor urban, agricultural and envlronmentalpurposes.
total water supply in average years. Of this renewable
supply, about 65 percent is depleted through evapora-In addition to this suppl~; Bulletin 160 water budgets
tion and transpiration byvegetation. This large volumeinclude a few supplies that are not generated by intr-
of water (approximately 130 maf) is excluded fromastate precipitation. These supplies include imports
Bulletin 160 water supply and water use calculations,from the Colorado and Klamath Rivers and new sup-
The remaining 35 percent stays in the State’s hydro-plies generated by water recycling and desalting.
logic system as runoff. The State’s 1995-level average year applied water

Over 30 percent of the State’s runoffis not explic-supply--from intrastate sources, interstate sources, and
idy designated for urban, agricultural, or environmentalreturn flows--is about 78 maf. Even assuming a re-
uses. Similar to precipitation depletions by vegetation,duction in Colorado River supplies to California’s
non-designated runoff is excluded from the Bulletin4.4 maf basic apportionment, average year statewide
160 water supply and water use calculations, supply is projected to increase 0.2 mafby 2020 with-

The State’s remaining runoffis available as renew-out additional water supply options. This projected
able water supply for urban, agricultural, andincrease in water supply is due mainly to higher CVP
environmental uses in the Bulletin 160 water budgets,and SWP deliveries in response to higher 2020 level
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at plants now under construction are expected to in-
crease new recycled and desahed supplies by nearly
30 percent to 0.4 maf/yr by 2020.

Water Demand

California’s estimated demand for water at a 1995
level of development is about 80 maf in average years
and 65 maf in drought years. California’s water de-
mand in 2020 is forecasted to reach 81 mafin average
years and 66 mafin drought years. California’s increas-
ing population is a driving force behind increasing
water demands.

California’s population is forecasted to increase to
47.5 million people by 2020 (about 15 million people
more than the 1995 base). Forty-six percent of the

USBR’S Coming Pumping Plant diverts waterJ~om the State’s population increase is expected to occur in the
Tehama-Colusa Canallnto the Coming Canal which South Coast Region. Even with extensive water con-
supplies agricultural users in soutl~ern Tel~ama County. servation, urban water demand will increase by about
California’s Central Valley provides about 80percent of 3.2 mafin average years. (Bulletin 160-98 assumes thatthe State’s agrlculturalproducHon,

all urban and agricultural water agencies will imple-
demands (for example, from CVP urban water usersment BMPs and EWMPs by 2020, regardless of
in the Central Valley and from SWP urban water us-’ whether they are cost-effective for water supply pur-
ers in the South Coast and South Lahontan Regions).poses.)
Additional groundwater extraction and facilities now Irrigated crop acreage is expected to decline by
under construction will also provide new supplies. The325,000 acreslfrom the 1995 level of 9.5 million acres
State’s 1995-level drought year supply is about 60 maf.to a 2020 level of 9.2 million acres. Reductions in fore-
Drought year supply is projected to increase slightlycasted irrigated acreage are due primarily to urban
by 2020 without future water supply options, for the encroachment and to impaired drainage on lands in
same reasons that average year supplies are expected tothe western San Joaquin Valley. Increases in water use
increase, efficiency combined with reductions in irrigated agri-

Bulletin 160-98 estimates statewide groundwatercultural acreage are expected to reduce average year
overdraft of about 1.5 maf/yr at a 1995 level ofdevel-water demand by about 2.3 mafby 2020. Shifts from
opment. Increasing overdraft in the 1990s reverses the. lower to higher value crops are expected to continue,
trend of basin recovery seen in the 1980s. Most in-with an increase in permanent plantings such as or-
creases are occurring in the San Joaquin and Tularechards and vineyards. This trend would tend to harden
Lake Regions, due primarily to Delta export restric-agricultural demands associated with permanent
tions associated with SWRCB’S Order WR 95-6, ESAplantings, making it less likely that this acreage would
requirements, and reductions in CVP supplies, be temporarily fallowed during droughts.

Water recycling is a small, yet growing, element of Average and drought year water needs for envi-
California’s water supply. At a 1995 level of develop- ronmental use are forecasted to increase only slightly
ment, water recycling and desalting produce aboutby 2020. Drought year environmental water needs are
0.3 maf/yr of new water (reclaiming water that wouldconsiderably lower than average year environmental
otherwise flow to the ocean or to a salt sink), up sig-water needs, reflecting the variability of unimpaired
nificantly from the 1990 annual supply of new water,flows in wild and scenic rivers. North Coast wild and
The CaliforniaWater Code urges wastewater treatmentscenic rivers constitute the greatest component of en-
agencies located in coastal areas to recycle as much ofvironmental water demands. CVPIA implementation,
their treated effluent as possible, recognizing that thisBay-Delta requirements, new ESA restrictions, and
water supply would otherwise be lost to the State’sFERC relicensing could significantly modify environ-
hydrologic system. Greater recycled water productionmental demands within the Bulletin 160-98 planning
at existing treatment plants and additional productionperiod.
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Water Shortages

The shortage shown in Table 10-1 for 1995 aver-
age water year conditions reflects the Bulletin’s
assumption that groundwater overdraft is not avail-
able as a supply. Groundwater overdraft represents a
significant portion of the 2020 average water year short-
age. Forecasted water shortages vary widely from region
to region, as shown inTable 10-2 and presented graphi-
cally in Figure 10-1. For example, the North Coast
and San Francisco Bay regions are not expected to ex-
perience future shortages during average water years
but are expected to see shortages in drought years. Most
of the State’s remaining regions experience average yearFinding reliabl~ water supplies for the more than 15 million
and drought year shortages now, and are forecasted tonew Californians will be a challenge for the State’s water
experience increased shortages in 2020. The largestpurveyors.AlmosthalfoftheStatdsforecasted202Opopulation

future shortages are forecasted for the Tulare Lake andincrease ~s expected to occur in the South Coast Region.

South Coast regions, areas that rely heavily on importedshortages now, and will face increasing shortages in
water supplies. These regions are also where some ofthe future. The shortages shown in Table 10-2 high-
the greatest increases in population are expected to oc-light the need for future water management actions to
cur. reduce the gap between forecasted supplies and de-

As discussed in Chapter 6, there are uncertaintiesmands. As Californians experienced during the most
associated with the magnitude of forecasted shortages,recent drought (especially in 1991 and 1992), drought
Chapter 6 presented a range of potential shortageyear shortages are large. Urban residents faced cutbacks
amounts for programs whose uncertainties could bein supply and mandatory rationing, some small rural
quantifled---CALFED and SWRCB Bay-Delta water communities saw their wells go dry, agricultural lands
right actions. Other uncertainties cannot be quanti-were fallowed, and environmental water supplies were
fled now impacts of future ESA listings and FERCreduced. By 2020, without additional facilities and
relicensing. Furthermore, the evaluation of water man-programs, these conditions will worsen.
agement options performed for the Bulletin was based Water shortages have direct and indirect economic
on the options’ present affordability to local agencies,consequences. Direct consequences include costs to
Circumstances that increase or decrease options’residential water users to replace landscaping lost dur-
affordability will correspondingly affect forecasteding droughts, costs to businesses that experience water
shortages, supply, cutbacks, or costs to growers who fallow land

What is apparent is that Californians face waterbecause supplies are not available. Indirect conse-

TABLE 10-2

Applied Water Shortages by Hydrologic Region (tar) with Existing Facilities and Programs

1995 2020

Region                   Average Drought Average Drought

North Coast 0 177 0 194
San Francisco Bay 0 349 0 287
Central Coast 214 282 172 270
South Coast 0 508 944 1,317
Sacramento River 111 867 85 989
San Joaquin River 239 788 63 711
Tulare Lake 870 1862 720 1,851
North Lahontan 0 128 10 128
South Lahontan 89 92 270 308
Colorado River 69 95 147 158
Total (tom*tied) 1,590 5,150 2,410 6,210
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FIGURE 10-1
2020 Shortages by Hydrologic Region with Existing Facilities and Programs (taf)
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The January 1997 jTood disaster was the largest in the State’s history. Flooding forced more than 120,000 peoplej~om their
homes, and over 55,000 #eople were housed in temporary shelters. Nearly 300 square miles of agricultural land were flooded.
Livestock and wildlife were trapped by the flooding.

quences include decisions by businesses and growerstot for local agencies in deciding the extent to which
not to locate or to expand their operations in Califor-they wish to invest in alternatives to improve their water
nia, and reductions in the value of agricultural lands,service reliability. Water agencies must balance costs
Other consequences of shortages are less easily mea-and quantity of supply (and sometimes quality ofsup-
sured in economic terms--loss of recreational activitiesply) based on their service area needs.
or impacts to environmental resources, for example. The Bulletin 160 series focuses on water supply.

The statewide compilation of likely options has not
Summary of Options Likely been tailored to meet other water-related objectives
to be Implemented such as flood control, hydropower generation, recre-

The options summarized in this section representation, or nonpoint source pollution control. The
water purveyors’ strategies for meeting future needs,evaluation process used to select likely options ranked
This information relies heavily on actions identifiedthe options based on their ability to provide multiple
by local water agencies, which collectively providebenefits, as described in Chapter 6. For example, one
about 70 percent of the State’s developed water sup-aspect of the relationship between water supply and
ply. As described earlier, water management optionsflood control needs is illustrated in the sidebar on res-
likely to be implemented were selected based on a rank-ervoir reoperation.
ing process that evaluated factors such as technical The results shown inTable 10-3 were obtained by
feasibility; cost, and environmental considerations. Thisadding statewide options identified as likely in Chap-
process is most effective in hydrologic regions whereter 6 to regional options identified as likely in
local agencies have prepared plans for meeting futureChapters 7-9.
needs in their service areas. Affordability is a key fac- Options shown in Table 10-3 include demand re-

Reservoir Reoperation for Flood Control

The January 1997 floods demonstrated that Centralwater supply implications. Reoperating existing reservoirs to
Valley flood protection needs improvement. The 1997 Finalprovide greater flood control storage usually comes at the
Report of the Governor’s Flood Emergency Action ~amidentifiedexpense of water supply. Reoperat~on is particularly
many actions that could be taken to increase valley floodproblematical in the San Joaquin River Basin, where water
protection, including better emergency preparedness,supplies are already limited. As more demands are placed on
floodplain management actions, levee system improvements,existing water supplies, reservoir reoperation will become
construction of new floodways, temporary storage ofincreasingly difficult to implement. In contrast, enlarging
floodwaters on wildlife refuges, reoperation or enlargementreservoirs or constructing new reservoirs can provide both
of existing reservoirs to increase flood storage, andwater supply and flood control benefits.
construction of new reservoirs. The latter two actions have
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TABLE 10-3

Summary of Options Likely to be Implemented by 2020, by Option Type (taf)

Option Type Average Drought
Local Demand Reduction Options 507 582

Local Supply Augmentation Options
Surface Water 110 297
Groundwater 24 539
Water Marketing 67 304
Recycled and Desalted 423 456

Statewide Supply Options
CALFED Bay-Deka Program 100 175
SWP Improvements 117 155
Water Marketing (Drought Water Bank) -- 250
Multipurpose Reservoir Projects 710 370

Expected Reapplication 141 433

Total Options 2,199 3,561

duction beyond BMP and EWMP implementation in-could be taken by CALFED to develop new water sup-
duded in Table 10-1. Future demand reduction optionsplies. The timing and extent of new water supplies that
are options that would produce new water supplyCALFED might provide are uncertain at the time of
through reduction of depletions. For these optionalthe Bulletin’s printing. Bulletin 160-98 uses a place-
water conservation measures to have been identifiedholder analysis for new CALFED water supply
as likely, they must be competitive in cost with waterdevelopment to illustrate the potential magnitude of
supply augmentation options, new water supply the program might provide. The

Local supply augmentation options comprise theplaceholder does not address specifics of which sur-
largest potential new drought year source of water forface storage facilities might be selected, since this level
California. (Local options include implementation ofof detail is not available. Water supply uncertainties
the draft CRB 4.4 Plan to reduce California’s use ofassociated with CALFED’s selection of a draft preferred
Colorado River water.) In Table 10-3 and in the wateralternative were discussed in Chapter 6.
budgets, only water marketing options that result in a Other statewide options include specific projects
change of place of use of the water (from one hydro-to improve SWP water supply reliability, the State’s
logic region to another), or a change in type of usedrought water bank, and two multipurpose reservoirs.
(e.g., agricultural to urban) have been included. Con-A third potential multipurpose reservoir option, an
siderably more marketing options have been describedenlarged Shasta Lake, was recommended for further
in earlier chapters than are shown in the water bud-study because additional work is needed to quantify
gets, reflecting local agencies’ plans to purchase futurebenefits and costs associated with different reservoir
supplies from sources yet to be identified. Where thesizes.
participants in a proposed transfer are known, the sell- The two multipurpose reservoir projects included
ing region’s average year or drought year supply hasas statewide options Auburn Reservoir and enlarged
been reduced in the water budgets. Presently, the onlyMillerton Lake (Friant Dam)--were included to em-
transfers with identified participants that are largephasize the interrelationship between water supply
enough to be visible in the water budgets are thoseneeds and the Central Valleys flood protection needs.
associated with the draft CRB 4.4 Plan. Water agen-Both reservoir sites offer significant flood protection
cies’ plans to acquire water through marketingbenefits. Both projects have controversial aspects, and
arrangements will depend on their ability to find sell-neither of them is inexpensive. However, they merit
ers and on the level of competition for water purchasesserious consideration. The lead time for planning and
among water agencies and environmental restorationimplementing any large reservoir project is long, and
programs (such as CVPLA~s AFRP or CALFED’s ERP). it would take almost to the Bulletin 160-98 2020 plan-

¯Possible statewide options include actions thatning horizon for these projects to be constructed.
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Implementing new water
management options must

be done in accordance
with environmental

protection requirements,
including requirements

for proteetlon of speeies of
special concern,

such as this badger.

The potential future water management optionsImplementing Future Water
summarized in this section are still being planned. TheirManagement Options
implementation is subject to completion of environ-
mental documents, permit acquisition, compliance Table 10-4 was developed by combining the re-
with regulatory requirements such as those of ESA,gional and statewide analyses of water management
and availability of funding. The permitting processesoptions with the water budget with existing facilities
will address mitigating environmental impacts and re-and programs (Table 10-1). Table 10-4 illustrates the
solving third-party impacts. If water managementeffect these options would have on future shortages.
options are delayed or rendered infeasible as a result of(Appendix 10A shows regional water budgets with
these processes, or if their costs are increased to theoption implementation.) The table indicates that wa-
point that the options are no longer affordable for theter management options now under consideration by
local sponsors, statewide shortages will be correspond-water purveyors throughout the State will not reduce
ingly affected, shortages to zero in 2020. The difference between av-

TABLE 10-4

California Water Budget with Options Likely to be Implemented (maf)

1995 2020
Average Drought Average Drought

Water Use
Urban 8.8 9.0 11.8 12.1
Agricultural 33.8 34.5 31.3 32.1
Environmental 36.9 21.2 37.0 21.3
Total 79.5 64.7 80.1 65.5

Supplies
Surface Water 65.1 43.5 66.4 45.4
Groundwater 12.5 15.8 12.7 16.5
Recycled and Desalted 0.3 0.3 0.8 0.9
Total 77.9 59.6 79.9 62.8

Shortage 1.6 5.1 0.2 2.7
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TABLE 10-5

Water Shortages by Hydrologic Region With Likely Options (taf)

1995 2020

Region                   Average Drought Average Drought

North Coast 0 177 0 176
San Francisco Bay 0 349 0 0
Central Coast 214 282 0 100
South Coast 0 508 0 0
Sacramento River ! 11 867 0 722
San Joaquin River 239 788 0 658
Tulare Lake 870 1,862 202 868
North Lahontan 0 128 10 128
South Lahontan 89 92 0 0
Colorado River 69 95 0 0
Total (rounded) 1,590 5,150 210 2,650

erage year and drought year water shortages is signifi-connect with other water systems.
cant. Water purveyors generally consider shortages in Agricultural water agencies may be less able to pay
average years as basic deficiencies that should be cot-for capital improvements than urban water agencies.
rected through long-term demand reduction or supplyMuch of the State’s earliest large-scale water develop-
augmentation measures. Shortages in drought yearsment was for agriculture, and irrigation works were
may be managed by such long-term measures in corn-constructed at a time when water development was
bination with short-term actions used only duringinexpensive by present standards. Agricultural users
droughts. Short-term measures could include purchasestoday may not be able to compete with urban users
from the State’s drought water bank, urban water ra-for development of new supplies. Some agricultural
tioning, or agricultural land fallowing. Agencies maywater users have historically been willing to accept
evaluate the marginal costs of developing new supplieslower water supply reliability in return for less expen-
and conclude that the cost of their development ex-sire water supplies, It may be less expensive for some
ceeds that of shortages to their service areas, or exceedsagricultural users to idle land in drought years rather
the cost of implementing contingency measures suchthan to incur capital costs of new water supply devel-
as transfers or rationing. As water agencies implementopment. This can be particularly true for regions faced
increasing amounts of water conservation in the fu-with production constraints such as short growing sea-
ture (especially plumbing fixture changes), there willsons or lower qualitylands-- areas where the dominant
be a correspondingly lessened ability to implementwater use may be irrigated pasture. In areas such as the
short-term drought response actions such as ration-North Lahontan Region, for example, local agencies
ing. Demand hardening will influence agencies’generally do not have plans for new programs or fa-
decisions about their future mix of water managementcilities to reduce agricultural water shortages in drought
actions, years. Table 10-5 shows forecasted shortages by by-

Ability to pay is another consideration. Large ur-drologic region to illustrate the effects of option
ban water agencies frequently set high water serviceimplementation on a regional basis. The same infor-
reliability goals and are able to finance actions neces-mation is presented graphically in Figure 10-2.
sary to meet the goals. Agencies supplying small rural Local agencies that expect to have increased fu-
communities may not be able to afford expensiveture demands generally do more water supply planning
projects. Small communities have limited populationsthan do agencies whose demands remain relatively level.
over which to spread capital costs and may have diffi-Most agricultural water agencies are not planning for
culty obtaining financing. If local groundwatergreater future demands, although some agencies are
resources are inadequate to support expected growth,examining ways to improve reliability of their existing
these communities may not be able to afford projectssupplies. Cost considerations limit the types ofoprions
such as pipelines to bring in new surface water sup-available to many agricultural users. The agricultural
plies. Small rural communities that are geographicallysector has thus developed fewer options that could be
isolated from population centers cannot readily inter-evaluated in statewide water supply planning. Many
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FIGURE 10-2
2020 Shortages by Hydrologic Region with Likely Options (taf)

Coast                                                                     ’ ,
128 ...........
North

Lahontan ’

-= 722
Sacramento

River

0
658

San Joaquin

0 " " 202 "
100 ~i 868 _
Centra! . ~ : :Tuiar~ Lake
Coast     ’ .................

Lahontan

¯ CONCLUSIONS 10-10

C--094478
(3-094478



The California Water Plan Update BULLETIN 160-98

options have been generated from planning performedextraction, not more water conservation, not more
by urban agencies, reflecting Urban Water Manage-water recycling. Each of these options has its place.
merit Planning Act requirements that urban waterThe most frequently used methods of providing new
suppliers with 3,000 or more connections, or that de-water supplies have changed with the times, reflecting
liver over 3 tafofwater per year, prepare plans showingchanging circumstances. Much of California’s early
how they will meet service area needs, water development was achieved by constructing res-

Geography plays a role in the feasibility of imple-ervoirs and diverting surface water. Advances in
meriting different types of options, and not solely withtechnology; in the -form of deep well turbine pumps,
respect to the availability of surface water and ground-allowed substantial groundwater development. More
water supplies. Water users in the Central Valley, Bayrecent improvements in water treatment technology
Area, and Southern California having access to maiorhave made water recycling and desalting feasible op-
regional conveyance facilities have greater opportuni-tions. Today, water purveyors have an array of water
ties to rely on water marketing arrangements andmanagement options available to meet future water
coniunctive use options than do water users isolatedsupply reliability needs. The magnitude of potential
from the State’s main water infrastructure, shortages, espedally drought year shortages, demon-

strates the urgency of taking action. The do-nothing
alternative is not an alternative that will meet the needs

Bulletin 160-98 Findings of 47.5 million Californians in 2020.
Bulletin 160-98 forecasts water shortages in Call- California water agencies have made great strides

fornia by 2020, as did the previous water plan update,in water conservation since the 1976-77 drought. But-
The water management options identified in the Bul-letin 160-98 forecasts substantial demand reduction
letin as likely to be implemented by 2020 would reduce,from implementing presently identified urban BMPs
but not completely eliminate future ~hortages. Waterand agricultural EWMPs, and assumes a more rigor-
agencies faced with meeting future needs must deter-ous level of implementation than water agencies are
mine how those needs can be met within the statutorynow obligated to perform. Presently, less than half of
and regulatory framework affecting water use decisions,California’s urban population is served by retailers that
including how the needs can be met in a manner equi-have signed the urban MOU for water conservation
table to existing water users. Land use planningmeasures. Less than one-third of California’s agricul-
decisions made by cities and counties locations wheretural lands are served by agencies that have signed the
future growth will or will not be allowed, housing den-corresponding agricultural MOU. Bulletin 160-98 as-
sities, preservation goali for open space or agriculturalsumes that all water purveyors statewide will
reserves--will have a significant influence onimplement BMPs and EWMPs by 2020, even if the
California’s future water demands. Good coordinationactions are not cost-effective from a water supply per-
among local land use planning agencies and water agen-spective. Water conservation offers multipurpose
cies, as well as among water agencies themselves at abenefits such as reduced urban water treatment costs
regional level, will facilitate finding solutions to meet-and potential reduction of fish entrainment at diver-
ing future needs, sion structures. The Bulletin also identifies as likely

Bulletin 160-98 makes no specific recommenda-additional demand reduction measures that would cre-
tions regarding how California water purveyors shouldate new water and would be cost-competitive with
meet the needs of their service areas. It is the watersupply augmentation options. These optional demand
purveyors themselves who must make these decisions,reductions are almost as large as the average year water
The purpose of Bulletin 160-98 is to forecast the fu-supply augmentation options planned by local agen-
ture based on today’s conditions. Clearly, differentcies.
agencies and individuals have different perspectives California water agencies have also made great
about how the future should be shaped. The CALFEDstrides in water recycling. By 2020, total recycling could
discussions, for example, illustrate conflicting valuespotentially be almost 1.4 maf, which would exceed
among individuals and agencies, the goal expressed in Section 13577 of the Water Code

There is not one magic bullet for meetingthat total recycling statewide be 1 mafby2010. (The
California’s future water needs--not new reservoirs,potential 2020 total recycling of 1.4 mar would be
not new conveyance facilities, not more groundwaterequivalent to about 2 percent of the State~ 2020 wa-
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ter supply.) Water recycling offers multipurpose ben-facilities, removing uncertainties that would prevent
efits, such as reduction of treatment plant dischargessmaller water agencies from funding planning studies
to waterbodies. Cost is a limiting factor in implement-themselves. This concept is not new. Historically; De-
ing recycling projects. When economic considerationspartment investigations into the State’s water resources
are taken into account, the potential new water sup-(for example, Bulletin 3, the original California Water
ply (water new to the State’s hydrologic system) fromPlan) formulated projects that were later built by local
recycling is forecasted to be about 0.8 maf. agencies.

Clearly, conservation and recycling alone are not Agencies wishing to participate in projects shown
sufficient to meet California’s future needs. Bulletinto be feasible in Department studies would repay their
160-98 has included all of the conservation and recy-share of the State planning costs as a condition of par-
cling measures likely to be implemented by 2020.ticipation in a project. Feasible projects would likely
Adding supply augmentation options identified bybe constructed by a consortium of local agencies act-
California’s water purveyors still leaves a shortfall ining through a joint powers agreement or other
meeting forecasted demands. Review of local agencies’contractual mechanism. The water users would be re-
likely supply augmentation options shows that rela-sponsible for construction costs.
tively fewlarger-scale or regional programs are in active Meeting California’s future needs will require co-
planning, especially among small and mid-size wateroperation among all levels of government federal,
agencies. This outcome reflects local agencies’ concernsState, and local. Likewise, all three of California’s wa-
about perceived implementability constraints associ-ter-using sectors--agricultural, environmental, and
ated with larger-scale options, and their affordabili~urban--must work together to recognize each others’

In the interests of maintaining California’s vibrantlegitimate needs and to seek solutions to meeting the
economy; it is important that the State of CaliforniaState’s future water shortages. When the Bay-Delta
take an active role in assisting water agencies in meet-Accord was signed in 1994, it was hailed as a truce in
ing their future needs. New storage facilities are anone of the State’s longstanding water wars. The Ac-
important part of the mix of options needed to meetcord, and the efforts by California agencies to negotiate
California’s future needs. Just as water conservation anda resolution to interstate and intrastate Colorado River
recycling provide multiple benefits, storage facilitieswater issues, represent a new spirit of fostering coop-
offer flood control, power generation, and recreationeration and consensus rather than competition and
in addition to water supply benefits. The devastatingconflict. Such an approach will be increasingly neces-
January 1997 floods in the Central Valley emphasizedsar~ given the magnitude of the water shortages facing
the need for increased attention to flood control. ApartCalifornia. Mutual accommodation of each others’
from CALFED’S investigation of storage alternatives,needs is especially important in drought years, when
little planning is currently being done for storagewater purveyors face the greatest water supply chal-
projects that would meet regional or statewide needs,lenges. With continued efforts to prepare for the future,
It is important for small and mid-size water agenciesCalifornia can have safe and reliable water supplies for
who could not develop such facilities on their own tourban areas, adequate long-term water supplies to
have access to participation in regional projects. Themaintain the State’s agricultural economy, and resto-
more diversified water agencies’ sources of supply are,ration and protection offish and wildlife habitat.
the better their odds of improved water supply reli-
ability.

An appropriate State role would be for the De-
partment to take the lead in performing feasibility
studies of potential storage projects--not on behalf of ’
the SWP, but on behalf of all potentially interested
water agencies. State funding support is needed to iden-
tify likely projects, so that local agencies may determine
how those projects might benefit their service areas.
In concept, the Department could use State funding
to complete project feasibility studies, permitting, and
environmental documentation for likely new storage
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TABLE 10A-1

North Coast Region Water Budget with Options (taf)

1995 2020

Average Drought Average Drought

Water Use
Urban 169 177 201 194
Agricultural 894 973 927 1,011
Environmental 19,544 9,518 19,545 9,518
Total 20,607 10,668 20,672 10,722

Supplies
Surface Water 20,331 10,183 20,371 10,212
Groundwater 263 294 288 321
Recycled and Desalted 13 14 13 14
Total 20,607 10,491 20,672 10,546

Shortage 0 177 0 176

TABLE 10A-2
San Francisco Bay Region Water Budget with Options (taf)

1995 2020

Average Drought Average Drought

Water Use
Urban 1,255 1,358 1,317 1,371
Agricultural 98 108 98 108
Euvironmental 5,762 4,294 5,762 4,294
Total 7,115 5,760 7,176 5,773

Supplies
Surface Water 7,011 5,285 7,067 5,607
Groundwater 68 92 72 96
Recycled and Desalted 35 35 37 70
Total 7,115 5,412 7,176 5,773

Shortage 0 349 0 0

TABLE 10A-3
Central Coast Region Water Budget with Options (taf)

1995 2020

Average Drought Average Drought

Water Use
Urban 286 294 347 359
Agricultural 1,192 1,279 1,127 1,223
Environmental 118 37 118 37
Total 1,595 1,610 1,592 1,620

Supplies
Surface Water 318 160 477 287
Groundwater 1,045 1,142 1,043 1,161
Recycled and Desalted 18 26 71 71
Total 1,381 1,328 1,592 1,519

Shortage 214 282 0 100
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TABLE 10A-4

South Coast Region Water Budget with Options (taf)

1995 2020

Average Drought Average Drought

Water Use
Urban 4,340 4,382 5,435 5,528
Agricultural 784 820 455 477
Environmental 100 82 104 86
Total 5,224 5,283 5,993 6,090

Supplies
Surface Water 3,839 3,196 4,084 3,832
Groundwater 1,177 1,371 1,243 1,592
Recycled and Desalted 207 207 667 667
Total 5,224 4,775 5,994 6,090

Shortage 0 508 0 0

TABLE 10A-5

Sacramento River Region Water Budget with Options (taf)

1995 2020

Average Drought Average Drought

Water Use
Urban 766 830 1,139 1,236
Agricultural 8,065 9,054 7,939 8,822
Environmental 5,833 4,223 5,839 4,225
Total 14,664 14,106 14,917 14,282

SuppRes
Surface Water 11,881 10,022 12,282 10,279
Groundwater 2,672 3,218 2,636 3,281
Recycled and Desalted 0 0 0 0
Total 14,553 13,239 14,918 13,560

Shortage 111 867 0 722

TABLE 10A-6
San Ioaquin River Region Water Budget with Options (taf)

1995 2020

Average Drought Average Drought

Water Use
Urban 574 583 954 970
Agricultural 7,027 7,244 6,448 6,717
Environmental 3,396 1,904 3,411 1,919
Total 10,996 9,731 10,813 9,607

SuppRes
Surface Water 8,562 6,043 8,497 6,029
Groundwater 2,195 2,900 2,317 2,920
Recycled and Desalted 0 0 0 0
Total 10,757 8,943 10,814 8,949

Shortage 239 788 0 658
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TABLE 10A-7
Tulare Lake Region Water Budget with Options (taf)

1995 2020

Average Drought Average Drought

Water Use
Urban 690 690 1,099 1,099
Agricultural 10,736 10,026 10,106 9,515
Environmental 1,672 809 1,676 813
Total 13,098 11,525 12,880 11,426

Supplies
Surface Water 7,888 3,693 8,292 4,167
Groundwater 4,340 5,970 4,386 6,391
Recycled and Desalted 0 0 0 0
Total 12,228 9,663 12,678 10,558

Shortage 870 1,862 202 868

TABLE 10A-8

North Lahontan Region Water Budget with Options (taf)

1995 2020

Average Drought Average Drought

Water Use
Urban 39 40 50 51
Agricultural 530 584 536 594
Environmental 374 256 374 256
Total 942 880 960 901

Supplies
Surface Water 777 557 759 557
Groundwater 157 187 183 208
Recycled and Desalted 8 8 8 8
Total 942 752 950 773

Shortage 0 128 10 128

TABLE 10A-9

South Lahontan Region Water Budget with Options (taf)

1995 2020

Average Drought Average Drought

Water Use
Urban 238 238 568 568
Agricultural 332 332 252 252
Environmental 107 81 107 81
Total ¯ 676 651 927 901

Supplies
Surface Water 322 259 651 578
Groundwater 239 273 248 296
Recycled and Desalted 27 27 27 27
Total 587 559 926 901

Shortage 89 92 0 0
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TABLE 10A-10

Colorado River Region Water Budget with Options (taf)

1995 2020
Average              Drought              Average                Drought

Water Use
Urban 418 418 715 715
Agricultural 4,118 4,118 3,393 ,3,393
Environmental 39 38 44 43
Total 4,575 4,574 4,152 4,151

Supplies
Surface Water 4,154 4,128 3,852 3,852
Groundwater 337 337 285 284
Recycled and Desalted 15 15 15 15
Total 4,506 4,479 4,152 4,151

Shortage 69 95 0 0
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Abbreviations and Acronyms

A C
AB Assembly Bill CAL-AM California-American Water Company

AAC All American Canal Cal/EPA California Environmental Protection

ACID Anderson-Cottonwood Irrigation District Agency

ACWD Alameda County Water District CALFED State (CAL) and federal (FED) agencies

AD allowable depletion
participating in Bay-Delta Accord

CAP             Central Arizona Project
ADWR          Arizona Department of Water Resources

CAWCD Central Arizona Water Conservation
AEWSD Arvin-Edison Water Storage District District
af acre-foot/acre-feet CCID Central California Irrigation District
AFB Air Force Base CCMP Comprehensive conservation and
AFRP Anadromous fish restoration program management plan

(or plan) CCWD . Colusa County Water District or
AMD acid mine drainage Contra Costa Water District

AOP advanced oxidation process CDI capacitive deionization

APCD air pollution control district CEQA California Environmental Quality Act

ARP aquifer reclamation program CESA California Endangered Species Act

ARWI American River Watershed Investigation cfs cubic feet per second

ARWRI American River Water Resources CII commercial, industrial, and institutional
Investigation CIMIS California irrigation management

ASR aquifer storage and recovery information system

AVEK Antelope Valley-East Kern Water Agency CLWA Castaic Lake Water Agency

AVWG Antelope Valley Water Group CMWD Calleguas Municipal Water District

COA Coordinated Operation Agreement

B COG Council of Governments

BARWRP Bay Area regional water recycling program CMO crop market outlook

BAT best available technology COP certificate of participation

BBID Byron-Bethany Irrigation District CPUC California Public Utilities Commission

BDAC Bay-Delta Advisory Council CRA Colorado River Aqueduct

B/C benefit-to-cost (ratio) CRB Colorado River Board

BLM Bureau of Land Management CRIT Colorado River Indian Tribes

BMP Best management practice CSD community services district

BVWSD Buena Vista Water Storage District CSIP/SVRP Castroville Seawater Intrusion Project/

BWD Bard Water District Salinas Valley Reclamation Project

BWRDF Brackish water reclamation demonstration CSJWCD Central San Joaquin Water Conservation

facility District

CUWCC California Urban Water Conservation
Council
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CVHJV Central Valley Habitat Joint Venture EDB ethylene dibromide

CVP Central Valley Project EDCWA E1 Dorado County Water Agency

CVPIA Central Valley Project Improvement Act EDF Environmental Defense Fund

CVPM Central Valley production model EDR electrodialysis reversal

CVWD Coachella Valley Water District ¯ EID El Dorado Irrigation District

CWA Clean Water Act EIR environmental impact report

CWD Coastal Water District, EIS environmental impact statement
Cawelo Water District, or ENSO E1 Nifio Southern Oscillation cycle
county water district

EPA U.S. Environmental Protection Agency or
Energy Policy Act of 1992

D ERP ecosystem restoration program or plan

D-1485 State Water Resources Control Board Water ESA Endangered Species Act
Right Decision 1485 ESP emergency storage project

DAU detailed analysis unit ESU evolutionarily significant unit
DBCP dibromochloropropane ESWTR Enhanced Surface Water Treatment Rule
DBP disinfection by-product ET evapotranspiration
DCID Deer Creek Irrigation District

ET°

reference evapotranspiration
D/DBP disinfectant/disinfection by-product

ETAW evapotranspiration of applied water
DDT dichloro diphenyl trichloroethane

EWMP efficient water management practice
DEIR draft environmental impact report

DEIS draft environmental impact statement
F

DFA California Department of Food
and Agriculture FAIRA Federal Agriculture Improvement and

Reform Act
DFG            California Department of Fish and Game

FC&WCD       flood control and water conservation district
DHS            California Department of Health Services

FCD            flood control district
DMC           Delta-Mendota Canal

FERC           Federal Energy Regulatory Commission
DOE             Department of Energy

FY               fiscal year
DOF California Department of Finance

DOI Department of the Interior

DPR Department of Parks and Recreation or
Department of Pesticide Regulation GAC granular activated carbon

DU distribution uniformity GBUAPCD Great Basin Unified Air Pollution

DWA Desert Water Agency Control District

DWB DWR’s Drought Water Bank GCID Glenn-Colusa Irrigation District

DWD Diablo Water District GDPUD Georgetown Divide Public Utility District

DWR California Department of Water Resources GO general obligation

DWRSIM DWR’s operations model for SWP/CVP gpcd gallons per capita per day

system gpf gallons per flush

gpm gallons per minute

EBMUD East Bay Municipal Utility District ~’1

ec electrical conductivity HCP habitat conservation plan

ECCID East Contra Costa Irrigation District HLWA Honey Lake Wildlife Area

ECWMA East County Water Management HR House Resolution

Association HUD Department of Housing and ,
ED electrodialysis Urban Development
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| mgd million gallons per day

IBWC International Boundary and mg/L milligrams per liter
Water Commission M&I municipal & industrial

ICR information collection rule MID Madera Irrigation District,
ID irrigation district or improvement district Maxwell Irrigation District,

Merced Irrigation District, orIE irrigation efficiency Modesto Irrigation District
IEP Interagency Ecological Program MMWC McFarland Mutual Water Company
liD Imperial Irrigation District MMWD Marin Municipal Water District
lOT intake opportunity time MOU memorandum of understanding
IRP integrated resources planning MPWMD Monterey Peninsula Water Management
IRWD Irvine Ranch Water District District

ISDP Interim South Delta Program MRWPCA Monterey Regional Water Pollution Control
Agency

,~ MTBE methyl tertiary butyl ether

JPA joint powers authority MUD municipal utility district

mW megawatt

K
MWA Mojave Water Agency

MWD           municipal water district
KCWA          Kern County Water Agency

MWDOC        Municipal Water District of Orange County
KPOP            Klamath Project Operations Plan

MWDSC Metropolitan Water District of Southern
KRCC Klamath River Compact Commission California
KWB Kern Water Bank

KWBA Kern Water Bank Authority
N

kWh ki!owatt hour
NAWMP North American Waterfowl

Management Plan
L NCFC&WCD Napa County Flood Control and Water

LAA Los Angeles Aqueduct Conservation District

LADWP Los Angeles Department of NCMWC Natomas-Central Mutual Water Company

Water and Power NED national economic development (plan)

LAFCO local agency formation commission NEPA National Environmental Policy Act

LBG Los Banos Grandes NF nanofiltration or North Fork
LCRMSCP Lower Colorado River Multi-Species NGO non-governmental organization

Conservation Program NID Nevada Irrigation District
LEPA low-energy precision application NISA National Invasive Species Act
LMMWC Los Molinos Mutual Water Company NMFS National Marine Fisheries Service
LTBMU Lake Tahoe Basin Management Unit NOAA National Oceanic and Atmospheric

Administration

M NOP notice of preparation

m meter NPDES national pollutant discharge elimination

mar million acre-feet system

NPDWR national primary drinking water regulationsMCL maximum contaminant level
NRCS            Natural Resources Conservation ServiceMCWD         Marina Coast Water District or Mammoth

Community Water District NTU Nephelomettic Turbidity Unit

MCWRA Monterey County Water Resources Agency NWD Northridge Water District

MF microfiltration or Middle Fork NWR National W~ldlife Refuge
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0 SAWPA Santa Ana Watershed Project Authority

OCWD Orange County Water District SB Senate Bill

OID Oakdale Irrigation District SBCFC&WCD Santa Barbara County Flood Control and

O&M operations and maintenance Water Conservation District

SBVMWD San Bernardino Valley Municipal Water
District

P SCCWRRS Southern California comprehensive water
PAC powdered activated carbon reclamation and reuse study

PAH polynudear aromatic hydrocarbon SCE Southern California Edison

PCB polychlorinated biphenyl SCVWD Santa Clara Valley Water District

PCE perchloroethylene SCWA Solano County Water Agency or

PCGID/PID Princeton-Codora-Glenn Irrigation Sonomk County Water Agency

District/Provident Irrigation District SDCWA San Diego County Water Authority

PCWA Placer County Water Agency SDWA Safe Drinking Water Act or
South Delta Water AgencyPEIR programmatic environmental impact report

PEIS programmatic environmental impact SEIS supplemental environmental impact

statement statement

PG&E Pacific Gas and Electric Company SEWD Stockton East Water District

PGVMWC Pleasant Grove-Verona Mutual Water SF South Fork

Company SFBJV San Francisco Bay Joint Venture

PL Public Law SFEP San Francisco Estuary Project

PMWC Pelger Mutual Water Company SFPUC San Francisco Public Utility Commission

ppb parts per billion SFWD San Francisco Water Department

PROSIM USBR’s operations model for the CVP/SWPSGPWA San Gorgonio Pass Water Agency

PSA planning subarea SID Solano Irrigation District

psi pounds per square inch SJBAP San Joaquin Basin Action Plan

PTA packed-tower aeration SJRMP San Joaquin River Management Plan

PUC public utility commission (or Program)

PUD public utility district SLC San Luis Canal

PVID Palo Verde Irrigation District or SLD San Luis Drain

Pleasant Valley Irrigation District SLDMWA San Luis & Delta-Mendota Water Authority
PVWMA Pajaro Valley Water Management Agency SLOCFC&WCD San Luis Obispo County Flood Control and

PWD Palmdale Water District Water Conservation District

SMBRP Santa Monica Bay restoration project

R SMUD Sacramento Municipal Utility District
SNWA           Southern Nevada Water Authority

RBDD           Red Bluff Diversion Dam
SOC             synthetic organic compoundRCD            resource conservation district
SOFAR           South Fork American River (project)RD               reclamation district
SPPC            Sierra Pacific Power CompanyRDI              regulated deficit irrigation
SRCD           Suisun Resource Conservation DistrictRO               reverse osmosis
SRF             state revolving fund

RWQCB         Regional Water Quality Control Board
SRFCP Sacramento River Flood Control Project

SRI Sacramento River index
S SSA Salton Sea Authority
SAE seasonal application efficiency SSJID South San Joaquin Irrigation District
SAFCA Sacramento Area Flood Control Agency SSWD South Sutter Water District
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STPUD South Tahoe Public Utility District W
SVGMD Sierra Valley Groundwater WA water agency, water authority, or

Management District wildlife area
SVOC semi-volatile organic compound WCD water conservation district
SVRID Stanford Vina Ranch Irrigation District WCWD Western Canal Water District
SVRP Salinas Valley reclamation project WD water district
SWP State Water Project WMD water management district
SWPP source water protection program or WMI watershed management initiative

supplemental water purchase program
WQA water quality authority

SWRCB State Water Resources Control Board
WQCP water quality control plan

SWSD Semitropic Water Storage District WR 95-6 SWRCB Order WR 95-6

WRCD Westside Resource Conservation District
T WRDA Water Resources Development Act
taf thousand acre-feet WRF water reclamation facility or
TCC Tehama-Colusa Canal water recycling facility

TCD temperature control device WRID Walker River Irrigation District

TCE trichloroethylene WSD water storage district

TDPUD Tahoe Donner Public Utility District WTP water treatment plant

TDS total dissolved solids WWD Westlands Water District

THM trihalomethane WWTP wastewater treatment plant

TID Turlock Irrigation District

TID-MID Turlock Irrigation District and ~r
Modesto Irrigation District                   YCFC&WCD    Yolo County Flood Control and

TOC total organic carbon Water Conservation District
TROA Truckee River Operating Agreement YCWA Yuba County Water Agency
TRPA Tahoe Regional Planning Agency

~’J Z7WA Zone 7 Water Agency
UC University of California

UCD University of California at Davis

UF ultrafiltration
ULFT ultra low flush toilet

USBR U.S. Bureau of Reclamation

USACE U.S. Army Corps of Engineers
USEPA U.S. Environmental Protection Agency

USFS U.S. Forest Service

USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Survey

UV ultraviolet
UWCD United Water Conservation District

VAMP Vemalis adaptive management plan

VOC volatile organic compound
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Glossary

aeti~e sto~age capacity the usable reservoir capacitya~tifieial ~edm~ge addition of surface water to a
available for seasonal or cyclic water storage. It is groundwater reservoir by human activity, such as
gross reservoir capacity minus inactive storage ca- putting surface water into spreading.basins.
pacity, a~erage annual ~unoff for a specified area is the av-

aj~erbay a reservoir that r’egulates fluctuating dis- erage value of annual runoffvolume calculated for
charges from a hydroelectric power plant or a a selected period ofrecoM, at a specified location,

¯ 0
pumping plant, such as a dam or stream gage.

agrlculturaldrainage (1) the process of directing ex- average year water demand demand for water un-
cess water away from root zones by natural or ar- der average hydrologic conditions for a defined
tificial means, such as by using a system of drains level of development.
placed below ground surface level; also called sub-
surface drainage; (2) the water drained away from

Sirrigated farmland.

alluvium unconsolidated soil strata deposited by flow-best management practice (BiUP) a generally ac-

ing water, cepted practice for some aspect of natural resources
management, such as water conservation measures,

anadromous fish that spend a part of their life cycle drainage management measures, or erosion con-
in the sea and return to freshwater streams to trol measures. Most frequently used in this Bulle-
spawn, tin to refer to water conservation measures adopted

applied water demand the quantity of water deliv- by the California Urban Water Conservation Coa-
ered to the intake of a city’s water system or fac- lition.
tory, the farm headgate or other point of measure-biota living organisms of a region, as in a stream or
ment, or a marsh or other wetland, either directly other body of water.
or by incidental drainage flows. For instream use,

brackish water water containing dissolved mineralsit is the portion of the stream flow dedicated to
instream use or reserved under the federal or State in amounts that exceed normally acceptable stan-

legislation, dards for municipal, domestic, and irrigation uses.
Considerably less saline than sea water.

aquifer a geologic formation that stores water and
bromide a salt which naturally occurs in small quan-yields significant quantities of water to wells or

springs, tities in sea water; a compound of bromine.

arid a term describing a climate or region in which
precipitation is so deficient in quantity or occursC
so infrequently that intensive agricultural produc-chaparral a major vegetation type in California char-
tion is not possible without irrigation, acterized by dense evergreen shrubs with thick,

hardened leaves.

G-1 G~oss~ []

C--094493
C-094493



The Callfornla Water Plan [.~lodate BULLETIN 160-98

closed basin a basin whose topography prevents sur- features or boundaries of organized water service
face outflow of water, agencies. In major agricultural areas, a DAU typi-

conJ~nedaqulfor a water-bearing subsurface stratum cally includes 100,000 to 300,000 acres.

that is bounded above and below by formationsdiscount rate the interest rate used to calculate the
of impermeable, or relatively impermeable, soil or present value of future benefits and future costs or
rock. to convert benefits and costs to a common time

conjunctive use the operation of a groundwater basin basis.

in combination with a surface water storage anddissolved organic compounds carbon-based sub-
conveyance system. Water is stored in the ground- stances dissolved in water.
water basin for later use by intentionally recharg-dissolved oxygen (DO) the amount of oxygen dis-
ing the basin during years of above-average water solved in water or wastewater, usually expressed
supply, in milligrams per liter, parts per million, or per-

cent of saturation.

distribution uniformity (DU) a measure of the varia-
tion in the amount of water applied to the soilDecision 1485 operating criteria standards for op-

erating the CVP arid SWP underWater Right De- surface throughout an irrigated area, expressed as

cision 1485 for the Sacramento-San Joaquin Delta a percent.

and Suisun Marsh, adopted by the State Waterdrainage area the area of land from which water drains
Resources Control Board in August 1978. into a river; for example, the Sacramento River

Basin, in which all land area drains into the Sacra-Decision 1631 a water right decision specifying re-
quired Mono Lake levels, adopted by the State mento River. Also called watershed or river basin.

Water Resources Control Board in 1994. drought condition hydrologic conditions during a
defined period when rainfall and runoffare muchdeep percolation percolation of (irrigation) water

through the ground and beyond the lower limit less than average.

of the root zone of plants into groundwater, drought year supply the average annual supply of a
water development system during a defineddemand management alternatives water manage-

ment programs--such as water conservation or drought period.

drought rationing--that reduce demand for wa-
ter. ~’

dependable supply the average annual quantity ofefficient water management practice (EWMP) an
water that can be delivered during a drought pe- agricultural water conservation measure, such as
riod. those adopted under the MOU regarding water

depletion the water consumed within a service area conservation.
and no longer available as a source of supply. Foreffluent wastewater or other liquid, treated or in its
agriculture and wetlands, it is ETAW (and ET of natural state, flowing from a treatment plant or
flooded wetlands) plus irrecoverable losses. For process.
urban water use, it is ETAW (water applied to land-

environmental water the water for wetlands, for thescaping or home gardens), sewage effluent’ that
instream flow in a major river or in the Bay-Delta,flows to a salt sink, and incidental ET losses. For

instream use, it is the amount of dedicated flow or for a designated wild and scenic river

that reaches a salt sink. estuary the lower course of a river entering the sea
where tidal action meets river flow.desalting a process to reduce the salt concentration of

sea water or brackish water, evapotranspiration (ET) the quantity of water tran-

detailed analysis unit (DAU) the smallest study area spired (given off), retained in plant tissues, and

used by the Department for analyses of water de- evaporated from plant tissues and surrounding soil

mand and supply. Generally defined by hydrologic surfaces.

[] GLOSSARY G-2
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evapotranspiration of applled water (ETAW) the groundwater storage capaelty volume of void space
portion of the total evapotranspiration which is that can be occupied by water in a given volume
provided by irrigation and landscape watering, of a formation, aquifer, or groundwater basin.

groundwater table the upper surface of the zone of
saturation, in an unconfined aquifer.

firm yield the maximum annual supply from of a
water development project under drought condi-H
tions, for some specified level of demands, hardpan a layer of nearly impermeable soil beneath a

forebay a reservoir at the intake of a pumping plant more permeable soil, formed by natural chemical
or power plant to stabilize water levels; also astor- cementation of the soil particles.
age basin for regulating water for percolation intohead ditch the water supply ditch at the head of an
groundwater basins, irrigated field.

./$3’ a recently hatched fish. hydraullc barrier a barrier developed in an estuary
by release of fresh water from upstream reservoirs
to prevent intrusion of seawater into the body of
fresh water. Also, a barrier created by injecting fresh

gray water waste water from a household or small water to control seawater intrusion in an aquifer,
commercial establishment[ Gray water does not or created by water injection to control migration
include water from a toilet, kitchen sink, dish- of contaminants in an aquifer.
washer, washing machine, or water used for wash-
ing diapers, hydrologic balance an accounting of all water inflow

to, water outflow from, and changes in water stor-
gross reservoir capacity the total storage capacity avail- age within a hydrologic unit over a specified pe-

able in a reservoir for all purposes, from the stre- riod of time.
ambed to the normal maximum operating level.
Includes dead (or inactive) storage, but excludeshydrologic basin the drainage area upstream from a

surcharge (water temporarily stored above the el- given point on a stream.

evation of the top of the spillway), hydrologic region a study area consisting of multiple

groundwater water that occurs beneath the land sur- planning subareas. California is divided into 10

face and fills the pore spaces of the alluvium, soil, hydrologic regions.

or rock formation in which it is situated.

groundwater basin a groundwater reservoir, defined |
by an overlying land surface and the underlyinginstream use use of water within its natural water-
aquifers that contain water stored in the reservoir. course as specified in an agreement, water rights
In some cases, the boundaries of successively deeper permit, etc. For example, the use of water for navi-
aquifers may differ and make it difficult to define gation, recreation, fish and wildlife, aesthetics, and
the limits of the basin, scenic enjoyment.

groundwater overdraft the condition of a ground- irrecoverable losses the water lost to a salt sink or lost
water basin in which the amount of water with- by evaporation or evapotranspiration from a con-
drawn by pumping exceeds the amount of water veyance facility or drainage canal, or in fringe ar-
that recharges the basin over a period of years dur- eas of cultivated fields.
ing which water supply conditions approximate

irrigated acreage land area that is irrigated, which isaverage conditions,
equivalent to total irrigated crop acreage minus

groundwater recharge the natural or intentional in- the amount of acreage that was multiple-cropped.
filtration of surface water into the zone of satura-
tion (i.e., into groundwater), irrigation returnflow applied water that is not tran-

spired, evaporated, or infiltrated into a ground-
water basin but that returns to a surface water body.

G-3 GLossta~v []

C--094495
C-094495



Update BULLETIN 160-98

L nonpolnt source waste water discharge other than

land subsidence the lowering of the natural land sur- from point sources. See also point source.

face due to groundwater (or oil and gas) extrac-nonreimbursable costs the part of project costs allo-
tion. cared to general statewide or national beneficial

laser land l~veling precision leveling of cultivated purposes and funded from general revenues, rather

fields to improve irrigation efficiency,                 than by water users.

laterals the part of an irrigation districts’s delivery normalized demand the process of adjusting actual
system that conveys water from the district’s main water use in a given year to account for unusual

canals to turnouts for farmers’ fields events such as dryweather conditions, government

lea~hing the flushingofsalts from the soilbythe down- price support programs for agriculture, rationing

ward percolation of applied water,
programs, or other unusual conditions.

0

leachlngrequirement the theoretical amount of irri-
gation water that must pass (leach) through the0
soil beyond the root zone to keep soil salinityoverdraft see groundwater overdraft.
within acceptable levels for sustained crop growth.

levelofdevelopment in a planning study; the practicep
of holding water demands constant at some speci-
fied level so that hydrologic variability can be stud-pathogens viruses, bacteria, or other organisms that

led. cause disease.

perched groundwater groundwater supported by a
zone of material of low permeability located above
an underlying main body of groundwater.

maximum contaminant level (NICL) the highestperennialyield the maximum quantity of water that
drinking water contaminant concentration allowed can be annually withdrawn from a groundwater
under federal and State Safe Drinking Water Act basin over a long period of time (during which
regulations, water supply conditions approximate average con-

moisture stress a condition of physiological stress in a ditions) without developing an overdraft condi-
plant caused by lack of water,                         tion.

multipurpose project a project, usually a reservoir, permeability the capability of soil or other geologic
designed to serve more than one purpose, and formations to transmit water.
whose costs are normally allocated among the dif-phytoplankton minute plants, such as algae, that live
ferent functions it provides. For example, a project suspended in bodies of water.
that provides water supply, flood control, and gen-
erates hydroelectricity, planning subarea (PSA) an intermediately-sized

study area used by the Department, consisting of
multiple detailed analysis units.

N point source a specific site from which wastewater or
National Pollutant Discharge Elimination System polluted water is discharged into a water bod)~

(NPDES) a provision of Section 402 of the fed-pollution (of water) the alteration of the physical,
eral Clean Water Act that established a permitting chemical, or biological properties of water by the
system for discharges of waste materials to water ’ introduction of any substance into water that ad-
courses, versely affects any beneficial use of water.

net water demand (net water use) the amount ofproject yieM the water supply attributed to all fea-
water needed in a water service area to meet all tures of a project, including integrated operation
requirements. It is the sum of evapotranspiration of units that could be operated individuall~
of applied water in an area, the irrecoverable losses

pump lift the distance between the groundwater tablefrom the distribution system, and the outflow leav-
ing the service area; does not include reuse ofwa- and the overlying land surface.

ter within a service area.
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pumped storage project a hydroelectric powerplant salt-water barrier a physical facility or method of
and reservoir system using an arrangement operation designed to prevent the intrusion of salt
whereby water released for generating energy dur- water into a body of fresh water (see hydraulic
ing peak load periods is stored and pumped back barrier).
into the upper reservoir, usually during periods ofSeasonalAppllcation Efficiency (SAE) the sum of
reduced power demand. ETAW and cultural water requirements divided

pump-generating plant a plant which can either by applied water.
pump water or generate electricity, depending onseepage the gradual movement of a fluid into, through,
the direction of water flow. or from a porous medium.

self-producedwater awater supply (often from wells)
R developed and used by an individual or entity. Also
recharge basin a surface facility constructed to infll- called "self-supplied water."

trate surface water into a groundwater basin, service area the geographic area served by a water
recycled water urban wastewater that becomes suit- agency.

able, as a result of treatment, for a specific benefi-solubl~ minerals naturally occurring substances ca-
dal use. Also called reclaimed water. See also wa- pable of being dissolved.
ter recycling, spreading basin see recharge basin.

returnflow the portion of withdrawn water not con- spreading grounds see recharge basin.
sumed by evapotranspiration or system losses
which returns to its source or to another body ofsupply augmentation alternatives water management

water, programs--such as reservoir construction or
groundwater extraction that increase supply.

reuse the additional use of previously used water. As
used in this report, it is not water that has beensurface supply water supply from streams, lakes, and

reservoirs.recycled for beneficial use at a wastewater treat-
ment plant.

reverse osmosis a method to remove salts and otherT
constituents from water by forcing water throughtailwater applied irrigation water that runs off the
membranes, end of a field. Tailwater is not necessarily lost; it

riparian located on the banks of a stream or other can be collected and reused on the same or adja-
body of water. Riparian water rights are rights held cent fields.
by landowners adjacent to a natural waterbody, tertiary treatment in wastewater treatment, the ad-

runoff the volume of surface flow from an area. ditional treatment of effluent beyond that of sec-
ondary treatment to obtain higher quality of ef-

S                                                  fluent.

total dissolved solids (TDS) a quantitative measuresalinity generally, the concentration of mineral salts of the residual minerals dissolved in water that re-
dissolved in water. Salinity may be expressed in main after evaporation of a solution. Usually ex-
terms of a concentration or as an electrical con- pressed in milligrams per liter. Abbreviation: TDS.ductivity. When describing salinity influenced by
seawater, salinity often refers to the concentration See also salinity.

of chlorides in the water. See also total dissolvedtranspiration an essential physiological process in
solids, which plant tissues give offwater vapor to the at-

mosphere.
salinity intrusion the movement of salt water into a

body of fresh water. It can occur in either surface    trihalomethane (TH_M) a chlorinated halogen com-
water or groundwater bodies, pound such as chloroform, carbon tetrachloride

or bromoform.salmonld fish species belonging to the salmon family,
including salmon and trout.

saltsink a saline body of water, such as the ocean.
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U
unlmpalredflow the flow past a specified point on a

natural stream that is unaffected by stream diver-
sion, storage, import, export, return flow, or
change in use caused by modifications in land use.

W
wastewater domestic or municipal sewage or efflu-

ent from an industrial process.

water quality description of the chemical, physical,
and biological characteristics of water, usually in
regard to its suitability for a particular purpose or
use.

water recycling the treatment of urban wastewater to
a level rendering it suitable for a specific benefi-
cial use.

water service reliability the degree to which a water
service system can successfully manage water short-
ages.

watershed see drainage basin.

water table see groundwater table.

water transfers marketing arrangements that can in-
dude the permanent sale of a water right by the
water right holder; a lease of the right to use water
from the water right holder; the sale or lease of a
contractual right to water supply.

wateryear a continuous 12-month period for which
hydrologic records are compiled and summarized.
Different agencies may use different calendar pe-
riods for their water years.
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CONVERSION FACTORS

Quantity To convert from To metric unit Multiply To convert to
customary unit customary customary unit,

unit by multiply metric
unit by

Length inches (in) millimeters (ram)¯ 25.4 0.03937
inches (in) centimeters (cm) 2.54 0.3937
feet (ft) meters (m) 0.3048 3.2808
miles (mi) kilometers (km) 1.6093 0.62139

Area square inches (in2) square millimeters (ram2) 645.16 0.00155
square feet (ft2) square meters (m2) 0.092903 10.764
acres (ac) hectares (ha) 0.40469 2.4710
square miles (mi2) square kilometers (km2) 2.590 0.3861

Volume gallons (gal) liters (L) 3.7854 0.26417
million gallons (106 gal) megaliters (ML) 3.7854 0.26417
cubic feet (ft3) cubic meters (m~) 0.028317 35.315
cubic yards (yd3) cubic meters (m3) 0.76455 1.308
acre-feet (ac-ft) thousand cubic meters (m3 x 103) 1.2335 0.8107
acre-feet (ac-ft) hectare-meters (ha- m)[] 0.1234 8.107
thousand acre-feet (tar) million cubic meters (m~x 106) t.2335 0.8107
thousand acre-feet (taf) hectare-meters (ha - m)[] 123.35 0.008107
million acre-feet (mar) billion cubic meters (m~ x 109). 1.2335 0.8107
million acre-feet (mar) cubic kilometers (km3) 1.2335 0.8107

Flow cubic feet per second (~/s) cubic meters per second (m~/s) 0.028317 35.315
gallons per minute (gal/min) liters per minute (L/rain) 3.7854 0.26417
gallons per day (gal/day) liters per day (L/day) 3.7854 0.26417
million gallons per day (mgd) megaliters per day (ML/day) 3.7854 0.26417
acre-feet per day (ac-ft/day) thousand cubic meters per day (m~ x 103/day) 1.2335 0.8107

Mass pounds (lb) kilograms (kg) 0.45359 2.2046
tons (short, 2,000 lb) megagrams (Mg) 0.90718 1.1023

Velocity feet per second (ft/s) meters per second (m/s) 0.3048 3.2808

Power horsepower (hp) kitowatts (kW) 0.746 t.3405

Pressure pounds per square inch (psi) kilopascals (kPa) 6.8948 0.14505
head of water in feet kilopascals (kPa) 2.989 0.33456

Specific capacity gallons per minute per foot liters per minute per meter of drawdown 12.419 0.08052
of drawdown

Concentration parts per million (ppm) milligrams per liter (mg/L) 1.0 1.0

Electrical conductivity micromhos per centimeter microsiemens per centimeter (mS/cm) 1.0 1.0

Temperature degrees Fahrenheit (°F) degrees Celsius (°C) (°F - 32)/1.8 (1.8 x °C) + 32

¯ When using "dual units," inches are normally converted to millimeters (rather than centimeters).
[] Not used often in metric countries, but is offered as a conceptual equivalent of customary western U.S. practice (a standard depth of water

over a given area of land).
¯ ASTM Manual E380 discourages the use of billion cubic meters since that magnitude is represented by giga (a thousand million) in other

countries. It is shown here for potential use for quantifying large reservoir volumes (similar to million acre-feet).

OTHER COMMON CONVERSION FACTORS
1 cubic foot=7.48 gallons=62.4 pounds of water 1 acre-foot=325,900 gallons=43,560 cubic feet

1 cubic foot per second (cfs)=450 gallons per minute (gpm) t million gallons=3.07 acre-feet
1 cfs=646,320 gallons a day=1.98 ac-ft a day 1 million gallons a day (mgd)=1,120 ac-ft a year
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